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(57) Abstract 



A receptor protein comprising a gpl30 polypeptide linked to a single chain leukemia inhibitory factor receptor (LIF-R) 
oolvDCDtlde to capable of binding both oncostarin M and leukemia inhibitory factor (UF). The receptor protein binds UF with 
rooter Affinity than does the single-chain LIF-R polypeptide alone. The receptor may be produced as a fusion protein in recom- 
binant cells. The gpl30 polypeptide binds oncostarin M r bot with lower affinity than does the inventive receptor protean. 
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TITLE 



Receptor far Qncostatto M and Leukemia Inhibitory Factar 



p^^fiBft^ o p the TVVVKTTnN 



Receptors that bind specific molecules (e.g., a hormone, drug, cytokine, or 
biochemical) have been identified on a multitude of cell types. Receptors arc found on 

15 the cell surface ox, in the case of Boluble receptors, are released into the serum. Effort 
has been directed toward isolation and characterization of a number of receptors in 
order to study their physiological roles and to explore possible therapeutic uses. The 
binding of a particular target molecule by a soluble receptor administered to a patient 
may alleviate disorders mediated by the target molecule. 

20 Certain receptors have been found to comprise two separate polypeptide chains 

associated in the form of a complex. Such two-chain receptors often bind the target 
molecule With greater affinity than that exhibited by one of the chains alone. 

Leukemia inhibitory factor (LTF) is a rxdypeptide hormone that plays a central 
role in the regulation of diverse adult and embryonic systems. LIF acts on a variety of 

25 cell types and has multiple biological activities. The diversity in biological activity is 
reflected to the various synonyms of LIF, which include hepatocyte stimulating factor 
IH (Baumann and Wong, J. Immunol 143:1163 [1989]); cholinergic nerve 
differentiation factor (Yamamori et al., Science 246: 1412 [1990]); mclanoma-dcrived 
lipoprotein lipase inhibitor (Mori at al., Biochem. Biophys. X«s. Comm. J60:1085 

30 [1989]); human interleukin for DA cells (Moreau et al., Nature 336:690 [1988]); 
differentiation factor CTomida et al„ /. Biol. Chem. 2JP:10978 [1984]); differentiation 
inhibitory factor (Abe et aL. /. Biol. Chem. 264; 8941 [1989]); differentiation 
inhibitory activity (Smith and Hooper, Devel. Biol;. 121:1 [1987]); and differentiation 
retarding factor (Koopman and Cotton, Exp. Cell. Res. 154233 [1984]. 

33 The cloning of a leukemia inhibitory factor receptor (LTF-R) has been reported 

by Gearing et al. in EMBO J. 102X39 (1991). This recombinant single-chain LTP-R 
polypeptide binds LIF, but with lower affinity than the naturally occurring LIF 
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asterisks. Hallmark residues associated with the hemetopoietin family of receptors are 
shown boxed. The horizontal arrow marks the point at which genomic sequence was 
used to derive the 3' coding region of LIF-R, since the cDNA clones employed in 
determining this sequence terminated with a stretch of A nucleotides at this point. 

3 Hgure 6 presents the DNA and deduced amino acid sequences of cloned gpl30 

cPNA as reported by Hibi et al. in Cell 63:1149 (1990). A predicted signal sequence is 
underlined. The thick underline indicates a presumed transmembrane region. The sets 
of asterisks identify possible N-glycosylation sites. 

Figure 7 presents Scatcbard analyses that demonstrate the interaction of a 

10 soluble gpl30/Fo fusion protein with soluble LIF-R/Fc in binding UF and oncostatin 
M, as described in example 7. 



T^TATTKT) DE ^ni> T PTTnN Off THF TNVF.NTION 

15 The present invention provides a receptor comprising gpl30 covalently linked 

to leukemia inhibitory factor receptor (UF-R). In another embodiment of the 
invention, the receptor comprises gpl30 non-covalently complexed with LIF-R. The 
receptor is capable of binding oncostatin M, and also binds leukemia Inhibitory factor 
(LOT. The receptor thus is useful for treating disorders mediated by either oncosuuin 

20 M or LIF, 

The gpl30 may be covalently linked to the LIF-R by any suitable means, such 
as via s cross-linking reagent or a polypeptide linker. The gpl30 and LIF-R proteins 
are covalently linked in a manner that does not interfere with the resulting receptor's 
ability to bind oncostatin M and LIF. In one embodiment of Ihe invention, the receptor 

25 is a fusion protein produced by recombinant DNA technology. 

Non-covalent bonding of gpl30 to LIF-R may be achieved by any suitable 
means that does not interfere with the receptor's ability to bind oncosmtin M and LIF. 
In one approach, a first compound is attached to LIF-R and a second compound that 
will non-covalently bond to the first compound is attached to gpl30. Examples of 

30 such compounds are biotin and avidin. The receptor is thus formed through the non- 
covalent interactions of biotin with avidin. In one embodiment of the invention, LIF-R 
and gpl30 aw recombinant polypeptides, each purified from recombinant cells and then 
non-covalently bonded together to form the receptor. A host cell may be transformed 
with two different expression vectors such that both LIF-R and gpl30 are produced by 

35 the recombinant host cell. LIF-R and gpl30 (one or both of which are soluble 
figments as described below) produced by such transformed host cells may associate 
to form a complex through non-covalent interactions. 
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-Leukemia inhibitory factor receptor" OJF-R) refer, to a protein (a ^ 
receptor) that Is prc.cnt on the surface of various hematopoietic cells toeing 
Lmacrola«« and megakaxyocytes, and on non-hcmatopoienc cells, 
SSS- 43* and live, ^ * 

5 capaHeof^s^^^ 

limited to, human, murine, and bovine LJF-R. ^-^m 

UW cDNA done end 
Til 4n qpoID NO 5 and SEQmNO: 6. Ttfs cloned human cDNA encodes an 

extracellular region, a transmembrane rcpon (the fir* amino acxo 
SSerTOO of SEQID NO: 5) ^^°^^^^ C ^^ a 
^ cf^^inc^ amino acids encoded by apoly-A »^ 
TZHLloved in vector construction, as described in Geanng ct aL, ^ra. Tnet*m 
hater employed m vector of hydrophobic amino adds 

20 "transmembrane region- as used hereon refers to a nnng « «y * «„ ^c^watem. 

W~ W. 4:6!. 1992) M «■ « tod . *. above-descnW 
cloned LI^Rexpressed in COS ceUs. 

• ^bnnit for <he ctoncd dn^ polypeptide chain LIF-R. host cell* we ^ 
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cDNA library (also contained in an expression vector). The co-transfected cells were 
assayed fox the ability to bind radiolabeled oncostatin M. 

A positive cDNA pool was subdivided and the procedure repeated to isolate a 
Single cDNA clone designated B10G that conferred the ability to bind oncostatin M on 
5 cells co-transfected with B10G and the LEF-R encoding plasnrid pHLIFR-65. Theco- 
transfecred cells also were found to bind UF with higher affinity than cells transfected 
with pHLIFR-65 alone. Host cells transfected with B10G alone exhibited low affinity 
ancostatln M binding sites. The B10G cloned cDNA was sequenced and found to 
encode a protein that is known as gpl30. 

10 Thus, it has now been found that a receptor comprising both LTF-R and gpl 30 

binds LTF with higher affinity than does the single-chain LTF-R polypeptide alone. The 
improved UF binding of LIF-R in combination with gpl30 is described in example 1 
below and depicted in Figure 1. 

Altbongh LIF does not bind to eiiher high- or low-affiniiy oncostatin M 

15 receptors, it has now been found that oncostatin M binds to the receptors of the present 
invention comprising LIF-R and gpl 30. Oncostatin M binding is described in example 
2 below and depicted in Figure 2. 

• A protein known as gpl30 has been purified from cellular sources that include 
• placental tissue and a myeloma cell lineU266. A number of additional cell types have 

20 been found to express gpl30 mRNA, as reported by Hibi et al., in Cell 63:1149 
(1990). gpl 30" has been reported to be involved in the formation of high affinity 
interleukin-6 binding sites and in IL-6 signal transduction (Hibi ct al. supra). The 
cloning and expression of cDNA encoding a full length gpl30 protein has been 
leponed by Hibi ei al., supra, which is hereby incorporated by reference in its entirety. 

25 The DNA and deduced amino acid sequences reported by Hibi et al. for the gpl30 
cloned cDNA are presented herein in figure 6. The gpl30 amino add sequence may 
vary from that reported by Hibi et al., e.g., leucine may be substituted for valine at 
position 8 in the signal sequence (numbering is as shown in Figure 6). This amino add 
restitution may be attributable to genetic polymorphism (allelic variation among 

30 individuals producing the protein), and results from the presence of C rather than G at 
nucleotide position 22. 

As used herein, the term LIF-R includes variants and truncated forms of native 
LIF-R proteins that possess the desired LIF-binding or signal transducing activity, 
likewise, the term gpl30 as used herein includes variants and truncated forms of the 

35 native gpl30 protein that retain the desired biological activity. For gpl30, the desired 
biological activity includes binding of oncostatin M; conferring on the invendve 
receptor the ability to bind oncostatin M; and increasing the affinity of the inventive 
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iece ptar for L3P. compared to the LJF binding affinity of the ringle^hain UF* 
polypeptide alone. Specifically included are truncated, soluble or fusion forms of IJF- 
i and gpl30, as described below. Variants produced by adding, substituting, or 
ddctingermno acid(s) in the native sequence are discussed In more dccdl below. 
5 Oaeexai^leofimUF-Rpoly^^ 

the cDNA clone designated pHUF-R-65 (SEQ ID NO: 3). as described by Gearing ct 
aL.iLprflandinexampleSbelow. Alternatively, a fragment cornpiiKing ammo aodsl 
xo 945 of SEQ ID NO:5 may be employed. Armnn add 943 is ihe last IJ^R-^eafie 
^ add of the polypeptide encoded by done pHUF-R-65. before the poly^ 
aucleotioe segment believed to result from oligo(dT) pdndng * an ^tenal site in the 
mRNA drrrir* preparation cf the hUF-R cDNA. (See Gearing et aL, BMBOJ„ ^upra. 
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at page 2840, column one.) m 

Other examples of I2F-R polypeptides that may be employed in the inventive 
receptors include those lacking all or part of the transmembrane region or the 
15 cytoplasmic domain of the protein. Suitable IJF-R polypeptides thus include those 
containing amino acids 1-x or. when the signal sequence Is not desired, amino acids 
45-x of the full length IJF-R sequence depicted in Figure 5. wherein x represents an 
integer from 833 to 1096. Amino acid number 833 is the last amino acid of the 
exn^cellular domain CLe, before the start of the tnmsmembnme region.) 
20 tenirbBring in amino acid number 1096 lack the last C-temrinal annuo acid of the full 
length protein. The desirability of including the signal sequence depends on such 
factors as the position of UF-R in a fusion protein, as discussed below, and the 
intended host cells when the receptor is to be produced via recombinant DNA 
technology. Note that the numbering of amino adds m Hgi« 5 (taken from Gearing et 
25 sL, supra) differs from that of SEQ ID NO: 5 because the fim amino add of *e signal 
sequence is designated amino .add number 1 in Figure 5 but is designated -44 in SEQ 
ID NO: 5. Other polypeptides may be chosen with regard to sequences that are 
conserved in the hematqpoietin receptor family. CLe,, chosen to include the boxed 
sequenceCs) shown in Figure 50 
30 One example of a suitable gpl30 polypeptide is mar encoded by cDNA cloned 

into plasmid vector pDC303 to produce e plasmid designated B10G. Tie source of 
nJRNA used in producing the cDNA was human placental tissue. Plasmid B10G in E. 
coll stram DE5o host cells was deposited with the American Type Culture Collection, 
Rockville, Maryland, on November 14, 1991. and assigned ATCC accession number 
35 68827 

The DNA sequence of the gpl30 cDNA contained in plasmid B10O and the 
amino add sequence of the gpl30 protein encoded by the dc^cDNAawpreseiu^m 
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SEQ ID NO; 1 and SEQ 3D NO: 2. The protein comprises (in order from the N- 
terminus to the C-tcrminus) a 22-amino acid signal sequence, complete extracellular 
domain (amino addB 1-597), a transmembrane region (beginning with amino acid 598), 
and apardal cytoplasmic domain (amino acids 621-686). This truncated gpl30 
5 polypeptide differs from the equivalent portion of the Hibi et al. protein in that the 
eighth amino acid of the signal sequence is leucine rather than valine, as discussed 
above. 

Another example of a suitable gpl30 polypeptide comprises amino acids 1 to 
496 of the SEQ ID NO: 1, which includes all of the cysteine residues found in die 
10 extracellular domain of the protein, and also contains a complete fabronectm domain. 
Additional examples of gpl30 polypeptides are those comprising amino acids 1-298 or 

98-298 Of SEQ ID NO: 1. 

Other gpl30 polypeptides lacking all or pan of the transmembrane region and/or 
cytoplasmic domain may be employed. Suitable gpl30 polypepddes thus Include those 

15 containing amino acids 1-x or, when the signal sequence is not desired, amino acids 
23-x of the Figure 6 sequence, wherein x represents an integer from 619 to 917. The 
first amino acid of the transmembrane region is the alanine residue at position 620 in 
Figure €. Polypeptides terminating at amino acid 917 lack the last C-tcrminal amino 
acid of the full length protein presented in Figure 6. Note that the numbering of amino 

20 adds In Figure 6 Oaken from Hibi et al., supm differs from that shown in SEQ ID NO: 
1 and NO:2 because the first amino acid of the signal sequence is designated amino acid 
number 1 to Figure 6 but is designated -22 In SEQ ID NO: 1. Regions of the gpl30 
protein corresponding to domains that are conserved among certain receptors are 
discussed by Hibi et al, supra, at page 1130, column 2, and page 1151. column 1. 

25 Other truncated gpl 30 polypeptides chosen to include these conserved regions may be 
employed. 

Preferred UF-R and gpl 30 polypeptides are those which are soluble. In one 
embodiment of the present invention, the receptor comprises soluble UF-R covalently 
attached to soluble gpl30. "Soluble UF-R" as used in the context of the present 

30 invention refers to polypeptides thai are substantially similar in amino acid sequence to 
all or part of the extracellular region of a native UF-R and that, due to the lack of a 
transmembrane region that would cause retention of the polypeptide on a cell 
membrane, are secreted upon expression. The soluble UF-R polypeptides that may be 
employed retain the ability to bind UF or, by competitively binding UF. inhibit UF 

35 signal transduction activity via cell surface bound UF-R proteins. Soluble UF-R may 
also include part of the transmembrane region or pan of the cytoplasmic domain or 
other sequences, provided that the soluble UF-R protein is capable of being secreted. 
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755 pf SEQ ID NO:6. Constructs encoding these proteins may be prepared by 
techniques thai involve cleaving ihc human LIF-R cDNA of the above-described clone 
pHLlFR-65 (ATCC 68491) with the restriction endonucleases Asp718 and Xmn] or 
with Asp718 and BspJ286I. Asp 7 IB cleaves the vector upstream of the inserted LIF- 
5 R-encoding cDNA. XmnJ cleaves within the codon far Asp at position 702 
(generating blunt ends) and Bspl2861 cleaves just 3' of the ccdon for Val at position 
775 of SBQ ID NO:5. If desired, an oligonucleotide may be ligated to the 3' end of the 
Asp718IBspl286I fragment to extend the LIF-R sequence, e.g.. through amino acid 
number 789. An oligonucleotide also may be ligated to the 3' end of a LIF-R fragment 
10 to add the first two amino adds of the Fc polypeptide described in example 5, and a Bgl 
U aite useful for attaching the rest of the Fc sequence downstream of the LIF-R 
sequence. 

Additional soluble human LTF-Rs comprise amino acids 1-678 or 1-680 of SEQ 
ID NO: 6. When the human and murine UF-R amino acid sequences disclosed in 
15 Gearing et bL, EMBO 1* supra, are aligned (with gaps introduced to maximize identity 
between the two sequences), amino acid 680 of the human sequence is aligned with the 
last amino acid of the murine protein, and amino acid 678 is the last amino acid of the 
human sequence that is identical to a corresponding amino acid in the murine sequence. 

• Since- the murine protein binds LIF, the murine LIF-R contains that portion of the 
20 protein required for LIF binding. 

An additional example of a soluble gpl30 polypeptide comprises amino acids - 
22 to 582 of SEQ ID NO:2. An expression vector encoding such a protein was 
constructed in example 7. Soluble LIF-R and gpl30 polypeptides also include those 
from which flbronectin type in (FNIH) domains have been deleted. From one to all of 
25 the FNm domains may be deleted, providing the advantage of reducing the size of the 
protein. Preparation of such UF-R and gpl30 proteins is described in example 8. 

Truncated UF-R and gpl30, including soluble polypeptides, may be prepared 

• by any of a number of conventional techniques. In the case of recombinant proteins, a 
DNA fragment encoding a desired fragment may be subcloned into an expression 

30 vector. Alternatively, a desired DNA sequence may be chemically synthesized using 
known techniques. DNA fragments also may be produced by restriction endonuclease 
digestion of a full length cloned DNA sequence, and isolated by electrophoresis on 
agarose gels. Linkers containing restriction endonuclease cleavage site(s) may be 
employed to insert the desired DNA fragment into an expression vector, or the fragment 

35 may be digested at cleavage sites naturally present therein. Alternatively, proteins may 
be fragmented using proteolytic enzymes, for example, and the desired truncated 
polypeptide isolated from the digestion mixture using reversed phase HPLC. 
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peptide linker sequence. Other near neutral amino acids, such as Thr and Ala, may also 
be used in the linker sequence. Examples of such polypeptide linkers are presented 
below. 

Another type of polypeptide linker thai may be employed comprises the Fc 
5 region of an antibody. An Fc polypeptide is attached to the C-wrminus of UF-R or of 
theUF-R fragment. A separate Fc polypeptide Is attached to the C-termlnus of gpl30 
or of the gplSO fragment. The two resulting polypeptide chains may be combined in a 
buffered solution, whereupon disulfide bonds form between the two Fc polypeptides 
(e.g., in the so-called hinge region, where interchain disulfide bonds are normally 

10 present in antibody molecules). Preferably, a host cell is transformed with DNA 
encoding both polypeptides such that the two polypeptides are co-expressed and 
interchain disulfide bonds form in the host cell. LIF-R is thus covalenily linked to 
0,130 via the disulfide bonds in the linker portion of the receptor. Procedures for 
isolating the Fc region of an antibody are well-known and include proteolytic digestion 

15 with papain. Alternatively, an Fc polypeptide may be produced by recombinant cells or 
chemically synthesized. Also useful are N-terminal fragments of an antibody Fc region 
that contain the cysteine residues involved in disulfide bond formation at the hinge 
region. One example of a receptor containing an Fc polypeptide linker is illustrated in 
example 5 below. The receptor is depicted in Figure 4. The number and position of 

20 disulfide bonds may vary from those shown in Figure 4. 

Additional examples of LIF-R/Fc and gp 130/Fc fusion proteins useful in 
preparing receptors of the present invention are described in examples 7 and 8. 
Advantageously, host cells are co-transfected with two different expression vectors, 
one encoding soluble LIF-R/Fc and the other encoding soluble gpl30/Fc. The 

25 htfcrcdimer is believed to form intracellularly or during secretion. 

Homodimers comprising two UF-R/Fc polypeptides or two gplSO/Fc 
polypeptides linked via disulfide bonds are also produced by certain of the transfected 
host cells disclosed herein. The UDF-R/Fc homodimers are useful for binding UF and 
die gpl30/FC homodimers find use in binding oncostatin M. The homodimers may be 

30 separated from each other and from the heterodimer by virtue of differences in size 
(e.g., by gel electrophoresis). The heterodimer also may be purified by sequential 
inmnnoafiinity chromatography (described below). 

In an alternative embodiment, a first fusion polypeptide comprising gpl30 (or 
fragment thereof) upstream of an antibody light chain (or a fragment thereof) is 

35 prepared. A second second fusion polypeptide comprises LTF-R upstream of an 
antibody heavy chain (or a heavy chain fragment, the N-terroinus of which extends at 
least through the ChI region. Disulfide bond(s) form between the gpl30-light chain 
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A DNA sequence encoding a fusion protein is constructed using recombinant 
DNA techniques to insert separate DNA fragments encoding gpl30 and LIF-R into an 
appropriate expression vector. The 3' end of a DNA fragment encoding gpl30 is 
ligated {via the linker) to the 5' end of the DNA fragment encoding LIF-R with the 

5 reading frames of the sequences in phase to permit translation of the mRNA into a 
angle biologically active fusion protein. Alternatively, the 3' end of a DNA fragment 
encoding LIF-R may be ligated {via the linker) to the 5' end of the DNA fragment 
encoding gpl30, with the reading frames of the sequences in phase to permit nanslatim 
of the mRNA into a single biologically active fusion protein. A DNA sequence 

10 encoding an N-terminal signal sequence may be retained on the DNA sequence 
encoding the N-tenmnal polypeptide, while stop codons, which would prevent read- 
through to the second (C-tenmnal) DNA sequence, are eliminated. Conversely, a stop 
codon required to end translation is retained on the second DNA sequence. DNA 
encoding a signal sequence is preferably removed from the DNA sequence encoding the 

15 C-tcnninal polypeptide 

Suitable polypeptide linkers comprise a chain of amino acids, preferably from 
20 to 100 amino acids in length and most preferably from 30 to 60 amino acids in 
length. As discussed above, the linker advantageously comprises amino acids selected 
• from the group consisting of glycine, asparagine. serine, threonine, end alanine. 
20 Examples of suitable polypeptide linkers Include, but are not limited to, (Gly4Ser)„, 
wherein n is 4-12, preferably 8, and (GtoSerGlyjSerfc. 

A DNA sequence encoding a desired polypeptide linker may be inserted 
between, and in the same reading frame as, the DNA sequences encoding gpl30 and 
LIF-R using any suitable conventional technique. For example, a chemically 
25 synthesized oligonucleotide encoding the linker and containing appropriate restriction 
endonuclease cleavage sites may be ligated between the sequences encoding gpl30 and 
LIF-R. 

Alternatively, a chemically synthesized DNA sequence may contain a sequence 
complementary to the 3' terminus (without the stop codon) of either gpl30 or LJF-R, 
30 followed by a linker-encoding sequence which is followed by a sequence 
complementary to the 5' terminus of the other of gpl30 and LIF-R. Oligonucleotide 
directed mutagenesis is then employed to insert the linker-encoding sequence into a 
vector containing a direct f usion of gpl30 and LIF-R. 

The present invention, provides an isolated DNA sequence encoding the above- 
35 described fusion protein comprising gpl30. LIF-R, and a polypeptide linker, and also 
' provides recombinant expression vectors containing the isolated DNA sequence. 
-Expression vector" refers to a replicable DNA construct used to express DNA which 
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amplification within the host. Examples of suitable prokaryotic hosts for 
transformation include £. coli, Bacillus subzilis, Salmonella typhknurium, and various 
species within the genera Pseudomonas, Streptomyces, and Staphylococcus, although 
others may also be employed as a matter of choice Higher cukaryouc cells include 
5 established cell lines of mammalian origin. Cell-free translation systems could also be 
employed to produce fusion protein using RNAs derived from the DNA constructs of 
the present invention. Appropriate cloning and expression vectors for use with 
bacterial, fungal, yeast, and mammalian cellular hosts are described by Pouwcls ct al 
(Cloning Vectors: A Laboratory Manual, Elsevier, New York, 1985), the relevant 

10 disclosure of which is hereby incorporated by reference. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacterial origin of replication derived from commercially available plasmids comprising 
genetic elements of the well-known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example. pKK223-3 (Pharmacia Fine Chemicals, 

15 Uppsala, Sweden) and pGEMl (Promega Biotec. Madison, Wl, USA). These 
pBR322 "backbone" sections are combined wiih an appropriate promoter and the 
structural sequence to be expressed. £. coK is typically transformed using derivatives 
of pBR322, a plasmid derived from an £. coli species (Bolivar ct al., Gene 2:95, 
1977). pBR322 contains genes for ampicillin and tetracycline resistance and this 

20 provides simple means for identifying transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include 
the b-lactamase (penicillinase) and lactose promoter system (Chang ct al.. Nature 
275:615, 1978; and Goeddel et al., Nature 281:544. 1979). the tryptophan (trp) 
promoter system (Goeddel et aL, Nucl. Acids Res. 8:4057, 1980; and EPA 36,776) 

23 and tac promoter (Maniaris, Molecular Cloning: A Laboratory Manual. Cold Spring 
Harbor Laboratory, p. 412. 1982). A particularly useful bacterial expression system 
employs the phage X PL promoter and c!857ts thermoinducible repressor. Plasnud 
vectors available from the American Type Culture Collection which incorporate 
derivatives of the X PL promoter include plasmid pHUB2. resident in E. coli strain 

30 jmb9 (ATCC 37092) and pPLc28. resident in E. coli RR1 (ATCC 53082). 

The recombinant receptor protein may also be expressed in yeast hosts, 
preferably from Saccharomyces species, such as 5. cerevisiae. Yeast of other genera 
such as Pichia or Kluyveromyces may also be employed." Yeast vectors will generally 
contain an origin of replication from the 2um yeast plasmid or an autonomously 

35 replicating sequence (ARS), a promoter, DNA encoding the receptor fusion protein, 
sequences for polyadenylation and transcription termination and a selection eene. 
• Preferably, yeast vectors will include an origin of replication and selectable markers 
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Various Tn» T" T " Blian or insect cell culture systems can be employed to express 
recombinant protein. Baculovirus systems far production of heterologous proteins in 
insect cells are reviewed by Luckow and Summers, BiotTechnology 6:47 (1988). 
Examples of suitable mammalian host cell lines include the COS-7 lines of monkey 
5 kidney oells, described by Gluzman (Cell 25:175, 1981), and other cell lines capable of 
expressing an appropriate vector including, for examples. L cells. C127. 3T3. Chinese 
hamster ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors may 
comprise non-transcribed elements such as an origin of replication, a suitable promoter 
and enhancer linked to the gene to be expressed, and other 5' or 3' flanking 

10 nontranscribed sequences, and 3' or 3' nontranslated sequences, such as necessary 
ribosome binding sites, a poly-adenylation site, splice donor and acceptor sites, and 
transcriptional termination sequences. 

The transcriptional and translfttional control sequences in expression vectors to 
be used in transforming vertebrate cells may be provided by viral sources. For 

15 example, commonly used promoters and enhancers are derived from Polyoma, 
Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA sequences 
derived from the SV40 viral genome, for example, SV40 origin, early and late 
promoter, enhancer, splice, and polyadenylation sties may be used to provide the other 
genedo elements required for expression of a heterologous DNA sequence. The early 

20 and late promoters are particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin or replication (Fiers et aL, 
Nature. 273:1 13. 1978). Smaller or larger SV40 fragments may also be used, provided 
the approximately 250 bp sequence extending from the Hind HI site toward the BgR 
site located in the viral origin of replication is included. Exemplary vectors can be 

25 constructed as disclosed by Okayama and Berg (Mcl Cell. Biol 3 :280, 1983). 

A useful system for stable high level expression of m ammalian receptor cDNAs 
in C127 murine mammary epithelial cells can be constructed substantially as described 
by Cosman et aL (Mol Immunol 23:935. 1986). 

Particularly preferred vectors for expression of the inventive receptor as a 

30 fusion protein are described in the examples below. The foregoing discussion is. Of 
course, applicable to the production of recombinant fusion proteins comprising a 
fragment of gpl30 and/or a fragment of LIF-R. Suitable fragments are discussed 
above, and DNA sequences encoding such fragments may be inserted into the above- 
■ described expression vectors. 

33 The present invention provides a process for preparing the recombinant receptor 

of die present invention, comprising culruring a host cell transformed with an 
expression vector comprising a DNA sequence that encodes said receptor under 
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steps. Microbial cells employed in expression of recombinant fusion proteins can 
disrupted by any convenient method, including freeze-thaw cycling, sonication. 
mechanical disruption, or use of cell lysing agents. 

Fermentation of yeast which express fusion proteins as a secreted protein 

5 greatly simplifies purification. Secreted recombinant protein resulting from a large- 
scale fermentation can be purified by methods analogous to those disclosed by Urdal « 
al. (7. Chromaiog. 296:111, 1984), involving two sequential, revcraed-phase HPLC 
steps for purification of a recombinant protein on a preparative HPLC column. 

The present Invention also provides a pharmaceutical composition comprising a 

10 receptor protein of the present invention with a physiologically acceptable carrier or 
diluent. Such carriers and diluents will be nontoxic to recipients at the dosages and 
concentrations employed. Such compositions may, for example, comprise the receptor 
protein In a buffered solution, to which may be added antioxidants such as ascorbic 
add, low molecular weight Gess than about ten residues) polypeptides, proteins, amino 

15 acids, carbohydrates including glucose, sucrose or dextrins, chelating agents such as 
EDTA, glutathione and other stabilizers and recipients. The receptor of the present 
invention may be administered by any suitable method in a manner appropriate to the 
indication, such as intravenous injection, continuous infusion, sustained release from 
implants, etc. 

20 The DNA and/or amino acid sequences of gpl30 and UDF-R may vary from 

those presented in SEQ ID NO: 1 and SEQ ID NO: 5. Due to the known degeneracy of 
the genetic code, there can be considerable variation in nucleotide sequences encoding 
the same amino acid sequence. The DNA sequences capable of hybridizing to the 
native DNA sequence of SEQ ID NO: 1 or SEQ ID NO: 5 under moderately stringent 

25 conditions (50*C, 2 X SSC), and which encode a biologically active gpl30 or LIF-R 
polypeptide, are also considered to be gpl30-encoding or LIF-R-encoding DNA 
sequences, respectively, in the context of the present invention. Further, certain 
mutations in a nucleotide sequence which encodes LIF-R or gpl30 will not be 
expressed in the final protein product For example, nucleotide substitutions may be 

30 made to enhance expression, primarily to avoid secondary structure loops in the 
transcribed mRNA (see EPA 75.444A, incorporated herein by reference). Other 
alterations of the nucleotide sequence may be made to provide codons that are more 
readily translated by the selected host. e.g.. the well-known E. coli preference codons 
for E. coli expression. 

35 The anrino acid sequence of Dative gpl30 or LIF-R may be varied by 

substituting, deleting, adding, or inserting one or more amino adds to produce a gpl30 
or LIF-R variant Variants thai possess the desired biological activity of the native 
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Generally, substitutions should be made conservatively; i.e., the most preferred 
substitute amino adds are those having phyoochemical characteristics resembling those 
of ihe residue to be replaced. Examples of conservative sub sritutions include 
substitution of one aliphatic residue for another, such as Ee, Val, Leu. or Ala for one 
5 another, or substitutions of one polar residue for another, such as between Lys and 
Arg; Glu and Asp; or Gin and Asn. Other such conservative substitutions, far 
example, substitutions of entire regions having similar hydrophobicity characteristics, 
arc well known. Moreover, particular amino acid differences between human, murine 
and other «™nmuin« i UF-Rs Is suggestive of additional cpnscrvarJve substitutions that 

10 may be made without altering the essential biological characteristics of LTF-R. 

Cysteine residues can be deleted or replaced with other amino acids to prevent 
formation cf unnecessary or incorrect intramolecular disulfide bridges upon 
renararadon. Adjacent dibasic amino acid residues may be modified to enhance 
expression in yeast systems in which KEX2 protease activity is present 

15 EP212.914 discloses the use of site-specific mutagenesis to inactivate KEX2 

protease processing Bites in a protein. KEX2 protease processing sites are inactivated 
by deleting, adding or substituting residues to alter Arg-Arg, Arg-Lys, and Lys-Arg 
pairs to elirninate the occurrence of these adjacent basic residues. Lysiys pairings are 
considerably less susceptible to KEX2 cleavage, and conversion of Arg-Lys or Lys- 

20 Arg to Lys-Lys represents a conservative and preferred approach to inactivating KEX2 
sites. 

HydrophUic amino acids may be substituted for hydrophobic amino acids in the 
transmembrane region and/or intracellular domain of gpl30 and LIF-R to enhance 
Water solubility of the proteins. Addition of amino acids to the native sequence may 
25 resulr fiom translation of in-frame codons present in linkers used in constructing 
cloning or expression vectors. The UF-R encoded by clone pHLIF-R-65 contains 
such linker-encoded amino acids at the C-terminus, as described by Gearing ct aL, 
supra. 

The present invention also includes proteins with or without associated narivc- 
30 pattern giycosylation. Expression of DNAs encoding the fusion proteins in bacteria 
such as E. colt provides non-glycosylated molecules. Functional mutant analogs 
having inactivated N-glycosylation sites can be produced by oligonucleotide synthesis 
and ligation or by site-specific mutagenesis techniques. These analog proteins can be 
produced in a homogeneous, rcduced-coxbohydrate form in good yield using yeast 
35 expression systems. N-glycosylanon sites in eukaryotic proteins are characterized by 
the amino acid triplet Asn-Al-Z, where Al is any amino acid except Pro, and Z is Sex 
or Thr. In this sequence, asparagine provides a side chain amino group for covalent 
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be mcdiaicd by oncostatin M or LIF when biologically active oncostatin M ox IJF 
causes (directly or indirectly) or exacerbates the disorder. Soluble receptor proteins can 
be used to competitively bind to IJF and oncostarin M, thereby inhibiting binding of 
UP and oncostatin M to cell surface receptors. 
5 As discussed in example 2, gpl30 has now been found to bind oncostatin M, 

although with lower affinity than the inventive receptors comprising both gpl30 and 
UF-R. gpl30 may be administered to treat conditions mediated by oncostatin M, 
although a gpl30/LJF-R receptor of the present invention would be preferred for such a 
purpose. 

10 Oncostatin M has been reported to stimulate hematopoiesis, stimulate epithelial 

cell proliferation, increase plasmin activity (thereby inducing fibrinolysis), inhibit 
angjogenesis and suprws expression of major histocompatibility complex antigens on 
endothelial cells. See PCT applicant WO 9109057 and European patent application 
no. 422,186. When these or other biological effects of oncostatin M are undesirable, a 

13 receptor of the prcseni invention may be administered to bind oncostatin M. 

Oncostatin M is believed to stimulate producrion of the cytokine interleuldn-6 
(IL-6). as reported by Brown et al., /. Immunol 247:2175 (1991). Oncostatin M 
therefore indirectly mediates disorders associated with the presence of H^6. IL-6 has 
' been reported to be involved in the pathogenesis of AIDS-assodated Kaposi's sarcoma 

20 (deWit et al., /. Intern. Med. [England] 229:539 [1991]). Binding of oncostatin M by 
a receptor of the present invention thus may be useful in treating Kaposi's sarcoma. 
Alternatively, but less preferably, gpl30 may be administered to treat Kaposi's 
sarcoma. 

Among the disorders mediated by UF are lipoprotein metabolism defects such 
23 as atherosclerosis and obesity, as well as disorders of bone and calcium metabolism or 
disorders associated with UF overproduction that affect hepatocytes. neurons, or 
leukocytes. The regulation of embryonic and hematopoietic stem cells by IJF may also 
be manipulated with the receptor. A soluble form of the receptor may also be used to 
treat leukemic cells which respond to IJF by proliferating. IJF also may play a role in 
30 inducing cachexia in cancer or AIDS patients. The receptor, or antibodies thereto, may 
also be useful as a diagnostic reagent to detect diseases characterized by the presence of 
abnormal IJF-R. 

Oncostatin M and IJF are different proteins, but share certain structural and 
biological properties. If inhibition of a biological activity shared by oncostatin M and 
35 ijf is desired, the receptor of the present invention offers the benefit of binding both of 
these proteins wtWKting the particular biological acriviry. A receptor binding only one 
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of the proteins would leave the other protein active and continuing to mediate the 
disorder* 

Receptor proteins or derivatives thereof may also be used as reagents in 
receptor-based immunoassays, reagents in assays for oncostarin M or UF, or as 
5 ^^^^^vypunBc^onofor^^MorUF. Therecepiorpoteu^of 
me present invention may be used as immnnogens in conventional procedures for 
production of polyclonal ormonoclonal anubodiea- Such antibodies may be employed 
on inn^affimty columns for purification of the receptor, or as corjrponems of 
diasnostfeorresearcli assays. Derivatives may also be obtained by artacldng addition^ 

10 polypeptide®. e.g. by using a cross-linking agent, such as N-xoaleamdobcnzoyl 
ScLldde ester that reacts with cysteine and lysine residues Receptor proterns may 
also be covalently bound through reactive side groups to various insoluble substrates, 
such as cyanogen bromide-activated, bisoxirar^envated, c^bonyldiirmdazole- 
activated or tosyl-acrivaied agarose structores. or by adsorbing to polyolcfin surfaces 

15 (with or without glmsraldchydc c^lirJdng). . 

Hie following examples are provided to illustrate certain embodiments of the 
invention, and are not to be construed as limiting fte scope of Aeiirvention. 



20 
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JTYAMPLES 

Example 1 

ft e«w tn T>r n ^rifling of ^ 

Recombinant human LIF Is expressed in yeast and purified to homogeneity 
essentially as described by Hopp. « aL, Bu>rT*cknolo & 6:1204 (1988). The purified 
mo tein is radiolabeled using a commercially available enzymobead ramoiodmanon 
LgcntCBioRad). In thisprocedur* lO M 1^^50pIOiM S ( ) dlumpho^.pH 

Lbined with 30U1 enzymobead reagent. 2 mCi of sodium ioduie an 20 ul of 
0. M MsodiumpnospbarepH7.0^ 

25-C codimn azide (20 pi of 50 mM) and sodium mcabaulfitc (10 pi of 5 mg/ml) are 
added and incubation is continued for 5 mm. at 25* C The reaction ^rrnxmre is 
fractionated by gel filtration on a 2 ml bed volume of SephadW* G-25 (Sigma) 
eqnfflorated in Roswell Park Memorial Institute (RPMD 1640 medium containing i» 
( V M bovine serum albumin (BSA), 0.2% (w/v) sodium azide and 20 mM Hepes pH 
Tiding rnedlmn). The final pool of ^I-UF is diluted to a woxldng stock 
solution of 3 x 10-8 M in binding medium and stored for up to one month at 4 C 
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without detectable loss of receptor binding activity. The specific activity is routinely in 
ihc range of 6-8 x 10 15 cpm/mtnole 1IF. 

The radiolabeled LIF may be employed in any of a number of conventional 
assay procedures to determine whether a given protein or cell binds LIF. Examples of 
5 such assays are those that detect binding of the radiolabeled LIF to cells expressing an 
lip-binding protein on the cell surface. The radiolabeled LIF also may be employed in 
assays for the presence of LEF-binding proteins in cell culture medium (e.g. UF- 
Wnding proteins secreted by recombinant cells). Proteins in cell extracts (e.g. from 
recombinant cells) also may be assayed for the ability to bind the radiolabeled UF. 

10 In one assay procedure, cells transformed/transfected with an expression 

system encoding a protein to be tested for ability to bind UF are plated at a density of 2 
x lt)5 cells/well in either 6 well dishes (Falcon) or single wen chambered slides CLab- 
Tek). Both dishes and slides are pretreated with 1 ml human fibroneenn (10 ug/ml in 
PBS) for 30 minutes followed by 1 wash with PBS. After 48 to 72 hours, cells are 

15 assayed for expression of LIF binding proteins by binding radioiodinated LIF using the 
following slide autoradiography technique. Transfected cells are washed once with 
binding medium (RPMI media 1640 containing 25 mg/ml bovine serum albumin 
CBSA). 2 mg/ml sodium azlde. 20 mM HEPES. pH 7.2, and 50 mg/ml nonfat dry milk 
(NFDM) and incubated for 2 hours at 4'C with 1 ml binding medium + NFDM 

20 containing 1.25 x 10* 9 M 125 HJF. After incubation, cells in the chambered slides are 
washed three times with binding buffer + NFDM, followed by 2 washes with PBS, pH 
7.3. to remove unbound 125 I-UF. The cells are fixed by incubating for 30 minutes at 
room temperature in 10% gluteraldehyde in PBS, pH 7.3, washed twice in PBS, and 
air dried. The slides are dipped in Kodak NTB-2 photographic emulsion (5x dilution in 

25 water) and exposed in the dark for 12 hours to 7 days at 4'C in a light proof box. The 
Slides are then developed for approximately 5 minutes in Kodak D19 developer (40 
g/500 ml water), rinsed in water and fixed in Agfa G433C fixer. The slides axe 
• individually examined with a microscope at 25-40x magnification and positive cells that 
bind LIF are identified by the presence of autoradiographic silver grains against a light 

30 background. 

Cells in the 6 well plates are washed once with binding buffer + NFDM 
followed by 3 washings with PBS. pH 7.3, to remove unbound 125 I-LJF. The cells 
ate then trypsmized to remove them from the plate and bound 125 MJF ia counted on a 
gamma counter. 

35 The cells in transfectant pool(s) testing positive arc subdivided into smaller 

pools and the screening process is repeated (with further subdividing of the pools as 
necessary) until an individual clone expressing LIF-binding protein is isolated. Non- 
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MmBM of I25I-UF m y be measured to P-^' <* 20 °- M4 OT ^ 
^^el^ ** be assayed . — 

isxdeasedfiomthecdlsmtottecw ^ ^ematant (culture medium} is 

by ceatrifngation from a culture broth. ^^^^ Siers and 

. j in_f„M: and 1 Ul aliouots are spotted onto nmoeeuuww *- 
concentrated 10-fold, and 1 |u qu overnight incubation at 4"C 

allowed to air dry. Addinoual bmd^ ^^^^^ (BMNEDM). 
~ . it. ,wv^Hestribed binding medium containing 3% non isi ury w 
l0 an the abwdestoW wnm*s -rmnfdM containing 1 nM 12hUP in the 

or h.130 as docribed below were ass y , described by Gumma. Cell 

25:17s 0981). In ***** (am! m»- 

labeled A-F in Figure 1. 

(A) BlOG (the gpl30 encoding vector described in example 3) and 
25 pHLIFR-65 (the UF* encoding vector described in example 3) 

(B) pHLlFR-65 end control vector CAV (a control vector thai does noi 
J _ ^ T T 1 130: controls fox plasmid dilution so that results can be more 

^^LT^ l^c or .» ooW.~d «» ~ a *» 

30 encoding vector and an JJF-R encoding vector) 

(C) BlOG and pHUFR-65; transfected cells were pieincubated with 
jjoo^adiolaheled oncosiafln M before incubatf on with 125I-UF 

(p) pHLIFR-63 and CAV; transfected cells were prwncubated with nan* 
Relabeled oncost M before inenbanon with 
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(E) non-trensfected COS-7 cells (control) 

(F) B10G andCAV 



5 The assay was performed by a phthalaie oil separation method essentially as 

described by Dower et aL. J. Immunol. 752:751 (1984) and Park et aL, 7. Biol. Chan. 
261:4171 (1986). Briefly, the COS-7 host cells were released from 10 cm tissue 
culture plates two days after rxansfection by incubation In non-enzymatic cell 
Association buffer (Sigma) at SVC for 30-60 minutes. Celle were then waehed with 

10 the above-described binding medium and resuspended in binding medium ai 5x10 s 
ccfls/mL 50yl aliquot* of the cells were incubated with serial dilutions of 123WJF at 
room temperature for one hour with agitation (in the presence or absence of a 200-fold 
excess of unlabeled UF) in a total volume of 150>lL The unlabeled LJF allowed for 
calculation of the non-specific background binding Of UF. Duplicate aliquots <60pl) of 

15 each incubation mixture were then transferred to a polyethylene centrifuge tube 
containing a phthalate oil mixture comprising 1.5 parts diburylphthalate to 1 pan bis(s- 
ethyttexyl)phihalaw. 

The cells were separated from unbound 125 I-LJF by cemrifugadon for five 
minutes at 15,000 x g in an Eppendorf microfuge. The centrifuge tubes were cut to 

20 separate the pellet of cells (containing bound 125 I-UFj from the supernatant containing 
unbound ^I-LD?. The radioactivity in both parts was then determined on a gamma 
counter. The determinations of both cell-bound and unbound radioactivity from the 
two 60jll aliquots were averaged for subsequent calculations. 

The results are presented in Figure 1 as standard Scatchard transformations of 

25 the biological data. The data arc rcponed as the ratio of molecules of ™I-UF bound 
per cell, to free ™1-UF molecules (y-axis) versus molecules of l25 I-LIF bound per 
cell (x-aas). The dissociation constants <K D ) ere shown in Figure 1, along with the 
number of LIF-binding sites per cell. Since a saturating amount of radiolabeled LBF 
' was offered, the number of molecules of radiolabeled UF bound per cell is considered 

30 equivalent to the number of ^binding sites per cell 

As shown by curve A of Figure 1, COS-7 cells co-transfected with a gpl30 
encoding vector (B10G) and an LIF-R encoding vector (pHUFR-65) demonstrated 
high affinity LIF binding (K D =9xlO- 10 M) . When these same co-transfected COS-7 
cella were pwincubated with non-radiolabeled oncostatm M before incubation with 

35 12SHJF (curve O. binding of LIF was grcady reduced (Kp-^xlO-^M). Oncostatm 
M thuB competes with UF for binding sites on these transfected cells. 
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COS-7 calls tranrfected wi* a vector encoding the singlc^olypcptide cham 
UF-R *HUFM» and with the control vector CAV bound UF Cct^eB; 
l^SSST*" with lower affinity than the cells producing both gp!30 and U*- 
cells display endogenous high affinity shnian UF receptors curve* 
, * IbLt3xl0-"M), Transection with pHUFR-65 (encoding the single P°lvp^e 

^B^^asthesn^ 

I ces, cells unnoted with w 
, ncniat6d ^ift ^radiolabeled oncost** M bete meebation with 
10 ™^ bTding of LIF to thellF-R expressed by pBUFR-63 was essentia^ 

^Zt7L do« not compete with UF for binding to * 

However, the binding of UF to Ac endogenous amnan hxgh afSmty 
UF-R on ihe COS-7 cells was competed. 

laF-R on^ ^ ^ ^n^sfcered wiih the gpl30 encoding vector and the CAV 

^veciorCcnrveF)^ 

of binding to the non-iransfected COS-7 cells (curve E). 
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Example 2 

Oncostatin M may be purified torn cells in which flic protein Is namrally 
„ from cells transfonned with an expression vector encoding onco.rann M. One 
^Jon^smdnM^phoxbolester-^UQaT cells, as described by Zaxhng et 
ZpnTuSA. 83:9m (1986). Purification of recombinant °*™ M * 
fcscriUd by linslcy et el, /. Biol Che,, 26*4282-4289 (1989). wluc* » hereby 

factor leader scqncncc) may be fused to tee x\-ienmiius ux iuw 

«L. sequence such a, Asp-Tjr-^A^-Lys) a. ta«b* by Hopp « «L. 
^«tofoff<5:1204O98B). The fias sequence is highly ^caic and jzwte** 
bound b y as pe namm 10 c 1 CBd^^.c^Iin S ^P^» 
eptopereveicimy , tM-enceis also specifically cleaved by 

of tie expressed rccombmiint protein. TB»«H» en " :6 '**" . 
l^alosel.mieroldr^Ktther^^ 
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Neither ihe signal sequence nor the flag sequence is found on the processed final 

oncostatin M product. 

Oncostann M may be radiolabeled using any suitable conventional procedure, 
such as the ramoiodination procedure employed to xadiolabel UF in Example 1. The 
5 xadio-iodination of oncostann M has also been described by Linsley et ai., supra. 

The resulting radiolabeled oncostatin M may be substituted far radiolabeled LIF 
(using the same concentrations and other reaction parameters) in the assay procedures 
described in Example 1 in order to detect proteins and cells that bind oncostatin M An 
assay for binding of 1 ^-oncostatin M to cells is also described in Linsley et el., 

The results of one oncostatin M binding assay arc shown in Figure 2. COS-7 
cells transfected with vectors) encoding gpl30 or LIF-R were assayed for the ability to 
bind oncostatin M. In separate transactions, COS-7 cells were transfected with the 
following combinations of vectors. The different types of transfected cells (and non- 
15 transfected control cells) arc designated A-E as shown below, and the corresponding 
curves representing the oncostatin M binding assay data for each cell type are also 
labeled A-E in Figure 2. 

( A ) B10G (the gpl30 encoding vector described in example 3) and 
20 pHLlFR-65 (the LIF-R encoding vector described In example 3) 

CB) B10G and pHLJJFR-63; transfected cells were preincubaied with 
»OT-radiolabeled LIP before incubation with 125l-onco£tatin M 

25 (Q pHLIFR-65 and CAV (a control vector that does not encode LIF-R 

or gpl30; controls farplasmid dilution so that results can be more accurately compared 
with those of COS-7 cells co-transfected with both a gpl30 encoding vector and an 
LIF-R encoding vector) 

30 (D) non-transfected COS-7 cells (control) 

(E) B10G and CAV 

The assay was performed by the phthalate oil separation method described in 
35 example 1 (but substituting oncostatin M fox UF). The results arc presented in Fagure 
2 as standard Scatchard transformations of the biological data. The data are reported as 
the ratio of molecules of ^I-oncostarin M bound per cell, to free.^I-oncosuuin M 
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mol6CTles (y^s) versus molecules of ^I-onco SB » M bound per oefl C^-*** 

of of labeled oncost M M P« -11 * 

cSS* equivalent to the number of oncostatin M binding ^ ceE 
C onKiQErett«i A ;„ WmTTe COS-7 cells co-transffecied with a gpl30 

encoding vector CB 10Q) and an LEF-R encoding vector (pHUFR-65) demonstruted me 

Mfc any significant amount above that bound by the n0 n Wected COS-7 calls 

COTVeD C^7 c^cc.tran^witbpHUFR-65 andBlOG -^^^ 
.r7iL.M T.TF before incubation with 1^-oncostatin M (curve B) did not bmd 

^ The experimental conditions of this assay (the results of which arc shown in 

H^^notappK^foT^ 

^-L, Th™. a aecarat* experiment (phihalate afl separation method) was 
jcccpors. Urns, a separate "v^TT_X ff bv COS-7 cells transfected with B10G 
coveted to compare oncostatm M banding by UUo /ceuso™ 

„ A v „ ontTO i vector} wi& oncostarin M tnndlli£ to non-rxansfcacd COS 7 

J^^I^St^ Mboond per cell (x-^). ^^»^"f" 
ZL that ofHgnes I ««i 2 so to affloence in oncoaato M tandta* _by *e 

ro i30or»ft»g™ntttee<tf. Receptor. ccmpristag both B.130 and UF* <a* 

**h conditio™. ho W «ver, m view of the Mtfer affiw of 
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Example 3 

^♦inn rf a y ^^.R»rion Protein PeidmMPd I .TF^-^nkp-gff^P 

5 A recombinant receptor protein of the present invention is prepared by the 

following procedure. The receptor comprises an LIF-R fragment at the N-tennmus 
attached to a gpl30 fragment through a polypeptide linker. The polypeptide linker is of 
the formula (Gly 4 Ser)8. An oligonucleotide encoding a portion of the linker sequence, 
i e., the sequence SeT(Gly 4 Ser)6<31y is synthesized by any of the conventional known 
10 procedure* for oligonucleotide synthesis. The DNA and encoded amino acids 
sequences of the double-stranded oligonucleotide are as follows: 

SEQIDNO: 7 

15 Bam HI 

5. ^TCC GOT GQA 6GI GGT TCT GGT CCA OCT GGT TCA GGT GGT GGA GGA TCA 

5 Tel £S CCA CCA AGA CCA CCT CCA CCA AGT CCA CCA CCT CCT AGT 

8er Gly Gly Gly Gly 6er Gly Gly Gly Gly St Gly Gly Gly Gly Ser 

Bspmi Xbax 



20 



GSA. GGT GGT GGA TCA GGT GGA GGA GGT TCT CCA GGT GGA CCT TCC GGA T 3' 
25 £ £ 2S S IS CCA CCT CCT CCA AGA CCT CCA CCT CCA AGG CCT AGATC 

lly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly ser Gly 

The remaining portion Of the linker is added during vector construction as described 
30 below. This oligonucleotide as well as those discussed below may be synthesized on 

an automated DNA synthesis machine such as those available from Biosearch, Inc., 

San Rafael, California or Applied Biosy6tems. 

The linker encoding oligonucleotide is cloned into a vector that preferably 

contains multiple restriction endonudease cleavage sites that may be employed for 
35 inserting the sequences encoding LIF-R and gpl30 on either side of. and in the same 

wading frame as, the sequence encoding the linker. One such vector is designated 

pBLUESCRJPT SK® which is available from Stratagene Cloning Systems, La Jolla. 

California. This plasmid vector is replicable in £. coti and contains a polylinker 

segment that includes 21 unique restriction sites. The plasmid is digested with the 
40 restriction enzymes Barnffl and Xbal and the linker-encoding oligonucleotide is ligated 

into the vector using conventional techniques. A recombinant vector containing the 

inserted oligonucleotide sequence is identified by restriction endonudease analysis and 
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^ by, el electrophoresis- A DNA sequence encoding UF* » ««* 
S^UFT SK® vector up^am of the Enkex. encoding oUgonudeondc ^ 
^u^ncoding gpl30 is insened downstream of the Hnker sequence, cPNA 

polype chain reason CPCR) pxocedure. »>M 
^gonuckotidM were synthesized for use in the PCR procedure* 

SEQE>NO:8 (pHgonudeoridcNo. 1) 

5 , GWTATGTcife^GATGG&TATTTACGTATGTTTG 3 • 



15 SHQIDNO:9 (01igonud«otideNa2) 

3 , C^ACATAC^C^TGTTTCCTTTTAKGACCTCCTCCAC^^CC 



SEQIDNCh 10 (Oligonucleotide No. 3) 



25 5 , CGCGT^^^^^^^ G ^® G ^^ C ^^^^^^^^'^^^^^^' , ^^ 3 ' 

SEQ ID No. 11 (Oligonucleotide No. 4) 
30 3 . cAAACGAGTTCCTCTTTJACTTaTCCGCCGGCGTACG S« 

* » 

OEg^ctocdto 1 and 2 are w* in a PCR reaction . M« . . 

etaT., tecribri by Gearing et at The DNA an* "coded ammo acw 

STcmJ done are rcp^eW in SEQ ID NO: 5. ^^6 ^ 
^121, to human UF-R cDNA done was deposit in * coU h« edb ~* 
jH^Ln T«* Cutane Collection. Rockvffl.. Maryland, II AA. c* December 1 . 
S^^biL. pHUFR-65 (ATCC Aceesdon Number 68491). Tn. depont 
^'t^under JZZu- of to Budapest T»a* The U 
oBgoMcleotte No. 1. wbieb includes a DNA sequence encodmg me first 8 «-» 
of tie signal sequeaee of LIF-R and aUo comprises upstream fences 
a Sal 1 reanicuon endonucW cleavage sue. 
o^b of atmcanng ,o the (-) strand .ha. is complement, to nuclides iTKKBtf 
SjIDNOsS. The 3' primer is oligonucleotide No. 2. wMct contains a sequence 
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complementary to nucleotides 2651-2677 of SEQ ID NO: 5 (i.e., includes anti-sense 
nucleotides encoding the last nine amino acids of the extracellular domain of LTF-R). 
• Immediately downstream of the UF-R encoding sequence, oligonucleotide No. 2 
contains a sequence encoding (Glyfc Ser, and also introduces a BamHI restriction 

5 endonuclease cleavage she. 

A PCR reaction employing oligonucleotides Nos. 1 and 2 thus Isolates and 
amplifies a DNA sequence encoding an UF-R fragment containing the entire signal 
sequence and the entire extracellular domain but lacking the transmembrane region and 
the extracellular domain. The (Clyfc Ser sequence attached to the 3 1 terminus of the 
10 LIF-R fragment is part of the polypeptide linker in the final construct 

Any suitable PCR procedure may be employed. One such procedure is 
described in Sarki et al., Science 239:487 (1988). Another is described in 
Recombinant DNA Methodology, Wu et al., eds., Academic Press Inc., San Diego 
(1989), pp. 189-196. In general, PCR reactions involve combining the 5' and 3' 
15 nucleotide! with the template DNA end each of the four deoxynucleoside triphosphates 
in a suitable buffered solution. The solution is heated, (e.g. from 95' to 100°Q to 
denature the double-stranded DNA template and is then cooled before addition of a 
DNA polymerase enzyme. Multiple cycles of the reactions are carried out in order to 

amplify the desired DNA fragment 

20 An example of a suitable PCR procedure is as follows. All temperatures are in 

degrees centigrade. The following PCR reagents are added to a 1.5 ml Eppendorf 
microfuge tube: 30 pi of 10X PCR buffer (300 mM KO. 100 mM Tris-HCl, pH 8.3 
at 25'C, 25 mM MgCfc. and 1 mg/ml gelatin) (Perkin-Elmer Cetus, Norwalk, CN), 10 
lil of a 2 mM solution containing each dNTP (2 mM dATP, 2 mM dCTP, 2 mM dGTP 

25 andSmM dTTP), 2.5 units (0.5 pi of standard 5000 units/ml solution) of Taq DNA 
polymerase (Peridn-Elmex Cetus), 50 ng of template DNA, 5 pi of a 20 pM solution of 
each of oligonucleotide primers 1 and 2, and 74.5 pi water to a final volume of 1 00 pi. 
The final mixture is then overlaid with 100 pi parafin oil. PCR is carried out using a 
DNA thermal cycler (Ericomp, San Diego, CA) by initially denaturing the template at 

30 94' for 90 seconds, reannealing at 55* for 73 seconds and extending the cDNA at 72* 
for 150 seconds. PCR is carried out for an additional 20 cycles of amplification using a 
step frognm (denaturation at 94'. 25 sec; annealing at 55*. 43 sec: extension at 72". 
130 sec.), followed by a 5 minute extension at 72*. 

The sample is removed from the parafin oil and DNA extracted by 

35 phenolcMraoform extraction and spun column chromatography over G-50 (Boehringer 
Mannheim). A 10 pi aliquot of the extracted DNA is separated by electrophoresis on 
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!* SeaKem™ CFMC BioProduas, RocUand, ME) and stained ^ "*>~ 

Tte pCR-amplified cDNA products arc then digested with Sail ana *amm 

below, vector oaiit&iinng nurnan gpl30 cDNA was deposited in ^f*" 

Maryland under the name B 10G*DC303 (DH5a) on Member * WW. «» 
^edATCC Accession No. 68827. ^der^ttmn^ under teo^oon, of 
^e^taJapestlVeary. The DNA and encoded ammo acid sequences of this cloned 

SEES of SEQ ID NO: 1 ^^^^T^^ • 
„ 13 o protcM. The » Primer. oKsonucleodde No, 3. includes nncteorMcs 310 • 96 
f^SEO^ NO: !. which encode fce firn nir* amino acids of mem.mrea.130 
20 P ^^nnc^r^ t ^i.c. r a H eo f anneaaa t »meOa-and^«» 
coffrctamencny to nucleotides 310 to 336 of SEQ ID NO: 1. O^uc.^eNo. 3 
ZZZm**** Ser seoneocedirec.ly ■psrrean.oT tend "--"-^ 
fcL as) the SpliO sequence, and further position a Bq.MII resmcuon endonoclease 
deavase site near the ? terminus of the Ser(Gly)4 Set -encodtas sequence 
deava^ y ollsonndeoli dc No. 4, include, a sequence ccnaplimentary to 

■ nadeodde. 2080 to 2100 of. SEQ ID NO? 1. i.e.. includes nudeond« 

L^gtotosevenaunno^oftbegpnOcxn.cdlulerdon^n. Ohgonucleonde 

Na 4poWob a «op code immediately after the gpl30 seg.ira.ee and I •*» mseroa 
Notion downstream. AM amplified 
30 FCR. the PCR reaction products ate **«ad with EspMH and NctI and the desrrcd 

fra gm ent is isolfllfid- ... 

The above-described UF-R, Ser(Gly 4 Ser) 6 Gly linker, and Epl30 encodms 
framneots assembled into a singU DNA sequence a. folio™. The 
^S^Oiy^crr^mcntis seised from the pBUKOUPT SK® v-or by 
SS (iigc^an with BamHI and BspMIL Taelirtotagn^t^mcnh^totbe r endof 
2^F- R fragment (cleaved at its 3' terminus after me ^«»«»" ™* 
BamHl). The Egntion is conducted under conventional co-finons. The 3 endofth. 
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linker fragment is lifted to the BspMH-cleaved 5" end of the gpl30 fragment. The 
resulting DNA fragment encodes a receptor of the present invention comprising, (from 
5' to 3*) the signal sequence and extracellular domain ofLIF-R attached to a (Gly^Serte 
polypeptide linker which is attached to the mature coding sequence of the gpl30 

5 extracellular domain. 

This DNA fragment may be inserted into any suitable cloning and/or expression 
vector. For example, the pBLUESOUPT SK® vector may be digested with Sail and 
Nofl and the ligated DNA fragment inserted therein. E. coU cells arc then transformed 
with the recombinant vector by conventional procedures. 

10 In an alternative procedure, the pBLUESCRUT SK® vector containing the 

Ser(01y4Ser)6Gly linker sequence is digested with Sail and BamHI and the above 
described IJF-R-encoding fragment is inserted therein. The resulting vector is then 
digested with BspMH and NotI and the gpl30-encoding fragment ia then inBened to 
form the DNA sequence encoding the receptor of the present invention. The cloned 

15 receptor-encoding DNA fragment may be excised and inserted into any suitable 
expression vector (chosen according to the type of host cell that Is desired) using 
conventional procedures. Host cells transformed with the recombinant expression 
vector are cultivaied to produce the receptor protein. Mammalian host cells are 
generally preferred for producing the recombinant receptor fusion proteins of the 

20 present invention. 

The receptor-encoding consmict may be excised by Sail and Nod digestion and 
inserted into a vector suitable for use in mammalian host cells. One suitable vector is 
designated pDC406. cDNA molecules inserted at the Sail site of this vector are 
nanscribed and translated using regulatory elements derived from HTV and adenovirus. 

25 pDC406 contains origins of replication derived from SV40, Epstein-Barr virus and 
pBR322. The pDC406 vector into which interleuldn-1 receptor cDNA has been cloned 
has been deposited with the American Type Culture Collection, Rockville, Maryland 
USA under accession number CRL10478. The interleuldn-1 receptor cDNA may be 
excised from the vector using conventional techniques and replaced with the receptor 

30 encoding DNA of the present invention prepared above. pDC406 is a derivative Of 
HAY-EO described by Dower et al., J. Immunol 142:4314 (1989). pDC406 differs 
from HAV-EO by the deletion of the intron present in the adenovirus 2 tripartite leader 

sequence in HAY-EO. 

Examples of suitable mammalian cells for expressing a receptor fusion protein 
35 include CV-1 cells CATCC CCL70) and COS-7 cells, (ATCC CRL 1651) both derived 
from monkey kidney. Another monkey kidney cell line CV-17EBNA (ATCC CRL 
10*78) was derived by transection of the CY-1 cell line with a gene encoding Epstein- 
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Batrvirusnudesrantigen-1 CEBNA-1) and with a vector cc.xainingC^ regulator 

£*L»d repEc^on of expr^on veoors, such * HAV-EO crpDC406,m* 
contain the EBV crigin of TcpKcation- 

5 Example 4 

10 His receptor of the ^ mv^oa differ* from tal of Sample State*. 

UF-RroljP^ (~hich was the 5' polypeptide to 4= receptor tf Ex«npto S>* »°w 
l^Swfc »"*» oHgonijcleoiMBS were Rested for t»e - 

preparing the fusion proifita: 



15 ^^^L^^t^cot^^c^ 3' (oligonudeoiideno.5) 
' ^T^cLt^x^CTTCCTCCTCC.ccx^c. (oUgonucleo.de no. 6) 



20 



SEQID NO: 14 
5 

no. 7) 



25 5 . (oligonucleotide no. 

8) 



30 



35 



Oligonucleotides 5 and 6 are enjoyed in a polymerase chain reaction procedure 
» isolate a fragment of gpl30. The 5' primer (oligonucleotide number 5) eludes 
nodeotides 244^ 264 of SEQID NO: 1, (the sequence encoding the feet seven ammo 
ddTof the gplSO signal ^uence). Oligonucleotide number 5 also to**** 
elance that introduces an opsmam Sail site- ^nucleotide sequence is caprfOe of 
rXutheOstrand^^ 

ND-1 The 3' primer (oEgnnucleotlde number 6) includes a sequence complementary 
l m *otlte 2^ to 2100 of SEQID NO: 1, U. mcludes antisense nudconde, 
coding the last seven amino adds of the S>-130 extracellular domain. 



t 
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Oligonucleotide number 6 also encodes a Gly4Sex sequence immediately 3' to (and in 
phase with) the gpl30 sequence, and also insens a downstream BamHI site, 

A PCR reaction is conducted as described in Example 3 but employing 
oligonucleotides 5 and 6 on the gpl30 cDNA template. A DNA sequence encoding a 
5 gpl30 fragment that includes the 5* signal sequence and the entire extracellular domain, 
but none of the transmembrane region or the cytoplasmic domain, is isolated by the 
PCR reaction. A Gly4Ser sequence is fused to the 3' terminus of the gpl30 fragment. 
The PCR reaction products are digested with Sail and BamHI and the desired fragment 
is isolaied. 

10 An 1JF-R fragment is isolated and amplified by a PCR reaction employing 

oligonucleotides 7 and 8. The 5' primer (oligonucleotide number 7) includes 
nucleotides 311 to 331 of SEQ ID NO: 5, which encode the first seven amino acids of 
the mature LDF-R protein. This nucleotide sequence is capable of annealing to the (-) 
strand complementary to nucleotides 311 to 331 of SEQ ID NO: 5. Oligonucleotide 

15 number 7 also encodes a Gly4Ser sequence fused to the 5' end of the LIF-R sequence, 
and inserts an upstream BspMII site. The 3' primer (oligonucleotide number 8) is 
complemeniary to nucleotide* 2651 to 2677 of SEQ ID NO: 5 (which encode the last 
nine amino acids of the LIF-R extracellular domain.) Oligonucleotide number 8 also 
adds a stop codon at the 3' end of the LIF-R sequence, and inserts a Not I site 

20 downstream. The PCR reaction products are digested with BspMII and Nofl and the 

desired fragment is isolated. 

A DNA sequence encoding the desired receptor protein is prepared by ligating 
the BamHI site of the gpl30 fragment prepared above to the BamHI site at the 5' 
terminus of the linker fragment described in Example 3. Likewise the C-tenninus of 

25 the linker encoding fragment is ligatcd at the BspMII site to the complementary site of 
the UF-R encoding fragment prepared above. The resulting DNA fragment may be 
cloned into an expression vector using procedures described in Example 3. The 
receptor encoded by the isolated DNA fragment comprises (from the N-terminus to the 
C-tenmnus) the signal sequence and extracellular domain of gpl30 attached to a 

30 <Gly 4 Ser)g polypeptide linker which is attached to the mature coding sequence of the 
LIF-R extracellular domain. 
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Example 5 

nrim l lflrt n * »tW wr r miw 

lecepinr fusion protein: 



10 



no. 9) 



15 



20 



25 



30 



95 



- LIF-R encoding DNA .equence is Isnlaed and implfficd to a PCR 
-~ sen rim and has been described to Example 3. The 3 pnmer u 

j£convendonalpn*edn^ Ite u> pKSCCe Of .1. m^d Bgffi ^ &e Lff^ 

^TzpWO encodta* DNA fa*nc« is isol**d ud amplified by K» reacdon 

^LsaH si« and has been described .bov. in M «■ 
Xonodecdd. number 10, which inctodes « sentence 
^ 2100 of SEQ1DNO: 1, U, tocT.de. 

• ~ «f the bd130 extracellular domain. Olifionudeondc number 10 also 

Bgm. and to deatad a.130 encoding DNA tepnen, k aoted by sd eleenophc**. 
klnM n IgGl anibedy has been cloned too ito above-dewribed pBLUBSCRUT SK 
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vector to produce a recombinant vector designated hlgGlFc. A unique BglE site is 
positioned near the 3' end of the inserted Fc encoding sequence. An Spel site is 
immediately downstream of the stop codon. The DNA and encoded amino acid 
sequences of the cloned Fc cDNA are presented in SEQ ID NO: 3 and SEQ ID NO: 4. 
5 The Fc polypeptide encoded by the cDNA extends from the N-tenninal hinge 

region to the native C-terminus, Le., is an essentially full-length antibody Fc region. 
Fc fragments, eg., those that are truncated at the C-terminal end, also may be 
employed. The fragments should contain multiple cysteine residues (at least the 
cysteine residues in the hinge reaction). The antibody from which the Fc polypeptide is 

10 derived is preferably of the same species as the patient to be treated with the fusion 
protein prepared therefrom.. 

Plasmid hlgGlFc is digested with Bgffl and Sail and the BglH/Sall LIF-R 
fragment prepared above is ligated into the vector by conventional techniques. The Fc 
encoding sequence is positioned downstream of, and in the same reading frame as, the 

15 LIF-R sequence. In a separate reaction, the above-described Sall/Bgffl fragment of 
gpl30 is also inserted into the same vector. Plasmid vectors containing the desired 
PNA insert arc identified by restriction endonuclease digestion analysis, using 
convention techniques. 

The cloned DNA segment encoding the LIF-R-Fc fusion polypeptide may be 

20 excised from the pBLUESCRIPT 5K® vector by digestion with Sail and Notl. 
Likewise; the DNA segment encoding the gpl30-Fc fusion polypeptide may be excised 
by Sail/Not! digestion. Each excised DNA segment is inserted into an appropriate 
expression vector, depending on the type of host cell that is desired. One suitable 
expression vector is the plasmid pDC406. which may be transformed into mammalian 

25 host cells as described in Example 3. 

In one embodiment of the invention, an expression vector encoding the LIF-R- 
Fc fusion and a second expression vector encoding the gpl30-Fc fusion are oo- 
trawrfected into the desired host cells. Two separate recombinant polypeptides are thus 
produced in the host cells. The first polypeptide comprises the Fc polypeptide fused in 

30 frame to the C-ternunus of the gpl30 fragment The second polypeptide comprises the 
Fc polypeptide fused in frame to the C-tcrminus of the LIF-R fragment. Disulfide 
bonds that form between the two Fc regions covalently link the two separate fusion 
polypeptides into a receptor protein of the present invention. 

Alternatively, the LIF-R-Fc and gpl30-Fc polypeptides may be separately 

35 transformed Into host cells (as opposed to co-uansfection into the same host celL) The 
two polypeptides are purified from the host cells and then combined in a suitable 
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25 



30 



35 



Example 6 

COS cclh ^«^ 8 U* 1»* of nseptar. «, emptay«. » 
.ntfboa* «te ton«p» convennonal wtmqfm. .far 

^ZTfcrtcam* by dot.bta.Kay fed** sndwfch) orEUSA (cnxym^tokrf 

~n.inydoina hybrids, ami spleeocdl hybrids. • • 

tte.JLpto**, for example, by adapts <rf .he iacto-d by &«wlL 
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containing high concentrations (greater than 1 mg/ml) of anti-receptor monoclonal 
antibody. The resulting monoclonal antibody can be purified by ammonium sulfate 
precipitation followed by gel exclusion chromatography, and/ox affinity 
chromatography based on binding of antibody to Protein A of Staphylococcus aureus. 

5 

Example 7 

HcWIfflfarafo Receptor 

An expression vector encoding a fragment of ihe human LIF-R extracellular 

10 domain fused to a polypeptide derived from the Fc region of an antibody was 

constructed as follows. A second expression vector encoding a fragment of the human 
gpl30 extracellular domain fused to an Fc polypeptide also was constructed. 

Plasmid pHLIF-R-65 (ATCC 68491), which contains human LIF-R cDNA in 
expression vector pDC303 ae described in example 3, was digested with the restriction 

|5 enzymes Asp718 and Xmnl. Asp718 cleaves the vector upstream of the UF-R cDNA 
insert. XmnI is a blunt cutter that cleaves within the codon for amino acid number 702 
(Asp) of SEQ ID NO:5, upstream of the transmembrane region. The desired 
Asp7J8/XmnI fragment (about 2,444 bp in length) was separated by electrophoresis on 
* an agarose gel and purified by conventional procedures using an Elurip column. 

30 A recombinant vector designated hlgGlFe, comprising cDNA encoding a single 

chain polypeptide derived from the Fc region of a human IgOl antibody in a 
pBLUESCRIPT SK® vector was described in example 5. The DNA and encoded 
amino add sequences of the cloned Fc cDNA arc presented in SEQ ID NO:3 and SEQ 
ID NO-4. A polylinker region comprising a number of restriction sites is positioned 

25 immediately upstream of the Fc cDNA. 

Plasmid HgGlFc was digested with Asp7J8 and SwJ, which cleave within the 
pollylinkcx upstream of the Fc sequence. The Asp71 6/XrnnI LIF-R fragment prepared 
above was ligated into the cleaved hlgGlFe vector by conventional techniques. SmJ 
sndXmnl both produce blunt ends, which will ligate together. In the resulting 

30 recombinant vector, the Fc encoding sequence is positioned downstream of, and in the 
same reading frame as, the LIF-R sequence. The encoded LIF-RJFc fusion protein 
comprise amino acids -44 to 702 of SEQ ID NO:5 (LIF-R). followed by six amino 
adds constituting a peptide linker encoded by the polylinker segment of plasmid 
hlgGlFe followed by amino acids 1-232 of SEQ ID NO:3 (Fc). E. coU cells were 

35 transformed with the ligation mixture and plasmids were isolated therefrom by standard 
procedures. Plasmid vectors containing the desired DNA insert were identified by 
restriction endonnclease digestion analysis. 
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Tte cloned DNA segment encoding *e U^JUFc fusion po^pddc wa* 
^ laves xhe vconr in apclyEBkar region just downstream oftbeFc cDNA 

^ is pCAV/NOT, a mammalian expression veocr desenbed on PCT application 
_\\ „ follows Recombinant vector B10G&DC303 (ATCC 68827) 

20 downraeam, respectively, of He fflsensd Fe cDNA. TO VBW / v>»i/NotI- 

lUalyidenoealtoSFCAV (ATCC 68922) tat comrto a NWmfc 
SotlLuaUy identical . pCAV/NOT, described in PCT apphcauon WO Wjl^ 

^te^L in tacwfc has been deleted. Proud,, from .ne ctyptfc 

^t^en^y to prepaid «*> W-« * ^ 

Tecombinant plasnrid in bacterial cells. . 

« ^conventional pmcednres. and the desired recombinant plasrmd, wer* 

30 *«^» 6 " C T ^ Jlj, Th, „pi3Q/Fc fusion ptotein encoded by the desrred 

recombinant vector comprises Cnom jn- 10 u _ fJ , ^j^w 

£ pdUtar segment of plasmld hUOlFC. Mowed by amino Made l-232of SEQID 

35 ^ ce* (ATOC Cm. 16M) wets transited with either the UF-WFc- 

ra «o— expression ~«or or th. SP^O/Fe-encoding expression vector 
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prepared above, or with both expression vectors. The cells were cultivated to allow 
expression of the soluble fusion proteins. The expressed proteins were recovered by 
incubating culture supernatant with Protein C Sepharose beads (available from 
Pharmacia) overnight at 4°C then pelleting the beads by centrifugaoon. The binding of 
5 i23Wabeled human oncostarin M and i^I-labeled human LIF by the proteins bound id 

the beads was analyzed. 

Binding affinity was determined by performing a variation of a standard 
Scatchard analysis. The binding assay procedure was similar to that described by 
Mosley et al. {Cell 59:335, 1989) except that the proteins, being soluble, are attached to 

10 Protein Q Sepharose beads rather than being on the surface of the transfected cells. 
Briefly, in a 96-well microliter plate, each of ten 1 2 serial dilutions of l2Si.LTF or 12 5l- 
oncosiatin M was incubated with a sample comprising the expressed proteins (bound to 
the beads) resuspended in RPMI 1640 containing 2.5% bovine serum albumin. 02% 
(v/v) sodium azide and 20mM Hcpes, pH 7.4, for 2 hours at 4°C with agitation. 

15 Duplicate standard cold competition wells also were incubated. Centrifuge tubes 
containing bovine calf serum were used in place of the phthalatc oil nature-containing 
tubes in the separation method described by Dower et aL. J. Immunol. 132:731 (1984) 
and Park et al../. Biol Chem. 261:4177 (1986) and in example 1 above. Aliquots of 
each incubation mixture were transferred to the tubes. After centrifugation. tubes were 

20 cut. die radioactivity counted, and processed as for standard Scatchard analysis. 

Hgure 7 presents Scatchard analyses of the binding of 12S I oncostarin M by 
gpl30/Fc homodimcrs produced by the ccDs transfected with the gpl30/Fc vector alone 
(upper left) and by the proteins expressed by the co-transfected cells Oower left). 
Scaichard analyses of the binding of 125 I LIF by LIF-RTFc homodimers produced by 

25 the cells transfected with the LIF-R/Fc vector alone (upper right) and by the proteins 
expressed by the co-transfcctcd cells (lower right) are also presented in figure 7. A 
ehift toward higher affinity binding of oncostarin M by the proteins recovered from the 
co-rransfecied cells, compared to the gpl30/Fc homodimcr, is evident from figure 7. 
Likewise, the data in figure 7 indicate a shift toward higher affinity binding of LTF by 

30 the proteins recovered from the co-transfected cells, compared to the LIF-R/Fc 
homodimer. The shift toward higher affinity binding indicates the presence of 
heterofllmers comprising LIF-R/Fc and gpl30/Fc, and further indicates that the LTF-R 
and gpl30 moieties are cooperating, i.e., interacting, in the binding of oncostarin M 
and LIF. Controls demonstrated no oncostarin M binding by LTF-R homodimers. and 

35' no LIF binding by gpl30 homodimers. 



2M4t 4J|ttB Wlltf SW1MIZU PATENT OFFICE NO. 7955 P. 52/86 

PCTAJS92/10272 

WO 93/10151 

44 

Example 8 

gpl30/Fc fusion pnacrns. The LH^R F°t«n ox ^ ^ three domains 

_ ^rr,- TTT-Kk-e module In the extracellular domain* inc 

sr^— t.sseess: 

OlOSlOsosdnromerofDraJD ana 8 ignition site ferlxo O 1091 

Tu->lvmerase accordinfi id convenncnial procedures. Tn© lecognmw" 
pcfc^n* NO :5 CLIF-R). cleaving within thecodonsfar 

spans nuclcoudcs 1789-1795 «^ _ ^ved vector was then 

© o «f the first FNUI domain of LJF-k. me cwavcu 
20 ammo aads 8-9 or ine msi . f _ B vjq nucleotides 

a. 5. end of L3F-R. the vecior, the canrcFc sequence, and a porno IJ v mH 
A p«vi /ffieo 0 109D UF* fagmenr were isolated and ligatcd together. E.cofl 

25 and the BstXl/(Eco O 1UWJ were isolated therefrom, and 

cdfc W ere transformed with lie li^cn mixture, plasmids were uoia 
7*. ^ombmant plasmid was identified by restriction analysis. The resulting 

Xhedcsrcd recombinant pias™ ^ C-tenninus) amino acids -44 

constrnctencodes alusionFO^ compnsmg (from N- to Oterrmn ; 

.qTm-ceoTDNO^ (UF-R), a four amino acid spacer peptide -His-Arg-Tyr-W 

30 encoded by ^pclylMxr setmou, and .ad. ^fj^inrtm^, 
UF-R polypeptide mctoy contains the &st 8 andno acids of flc Am HOU _«»iam, 
^*e — ertf*e ^FNnidoo^^anof^s^nd-d^dFNm 

^ <nn ^ n ^» domains of gpl30 were removed by digesting the recombinant 

35 gp!3U/rc encouwB l» ^^^^ accorting to conventional procedures. The 
fcov^^n^W' 1 ™ 5 ' 1242 of SEQ ID Nttl ttpWO). 

recognition site for BstXl spans nucleotide* 1231-124Z oi a&vt iu 
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cleaving within the codons for amino adds 10-11 of the first FNIH domain of gpl30. 
Hie cleaved vector was then digested with EcoR5, which cleaves within the polylinker 
^stream 0 f the Fc sequence and generates blunt ends. The (BstXl)/EcoR5 fragment 
comprising the 5' end of gpl30 (lacking the FN1H domains), the vector sequences, the 
5 Fc sequence, and a portion of the polylinker, was ligated. E. coli cells were 
transformed with the ligation mixture, plasmids were isolated therefrom, and the 
desired recombinant plasmid was identified by restriction analysis. The fusion protein 
encoded by the construct comprises Cfrom N- to C-terrninus) amino adds -22 to 308 of 
SEQ ID NO:2 (gpl30), a four amino acid spacer peptide -Asn-Arg-Tyr-Val- encoded 

10 * by ihe polylinker segment, and amino acids 1-232 of SEQ ID NO:3 (Fc). The gpl30 
polypeptide moiety contains the first 9 amino acids of the first FNHJ domain, but lacks 
the remainder of the firs FNITJ domain and all of the second and third FNUI domains. 

FKEH domains may be deleted from the gpl 30 component of a receptor of the 
present invention, from the LIF-R component, or from both. In one embodiment of the 

15 invention, COS-7 cells were co-transfected with the soluble LIF-R/Fc-encoding 
mammalian expression vector prepared in example 7 and the mammalian expression 
vector encoding a soluble gpl30/Fc protein lacking the FNITJ domains prepared above. 
Analysis of the expressed proteins by SDS-PAGE revealed a band of the molecular 
weight expected for the heterodimer, along with bands that include those of the 

20 molecular weight expected for the two homodimers. Scatchard analyses conducted 
according to the procedures described in example 7 demonstrated a shift toward higher 
affinity binding of LIP and oncostadn M for proteins expressed by the co-transfecxed 
cells compared to the corresponding homodimers. This result indicates the presence of 
heterocflmers comprising lJF-R/Fc and gp 1 30/Fc, and further indicates that the LIF-R 

25 and gpl30 moieties are cooperating, i.e., interacting, in binding oncostann M and LIF. 

TtPTFF DESCRIPTION OF ™* SEQUENCE LISTING 

SEQ ID NO:l and SEQ ID NO:2 present the DNA sequence and encoded amino acid 
30 sequence for cloned cDNA encoding an N-ierminal fragment of gpl30. 

SEQ ID NO:3 and SEQ ID NO:4 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding a polypeptide that corresponds to the Fc region of 
anlgGl antibody. 

35 

SEQ ID NO:5 and SEQ ID NO:6 present the DNA sequence and encoded amino add 
sequence tor doned cDNA encoding an N-tcnrnnal fragment of LIF-R. 
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rcccptcis of the present invention. 
!Cccptors of the present invention. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(ij APPLICANT: Gearing, David P • 

(ii) TITLE OF INVENTION: Receptor ror Oncostatin M and Leukemia 
Inhibitory Factor 

(ill} NUMBER OF SEQUENCES; 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Immune* Corporation 

(B) STREET: 51 university street 

(C) CI TV I Seattle 

(D) STATE: WA 
(B) COUNTRY: USA 

(T) BIP: 98101 

(v) COMPUTER READABLE FORM: 

<A> MEDIUM TYPE: Floppy diek 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CUKKEMT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION; 

(A) NAME: Scese, Kathryn A. 

(B) REGISTRATION NUMBER; 32,172 
<C) REFERENCE/DOCKET NUMBER: 2 607 

(ix> TELECOMMUNICATION INFORMATION: 
<A) TELEPHONE: 206-587*0430 
<B> TELEFAX: 206-587-0606 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2369 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single - 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

(7) FRAGMENT TYPE; N-tetminal 

(Vi) ORIGINAL SOURCE; 

(F) TISSUE TYPE: human placenta 



(vii) IMMEDIATE SOURCE: 



2004$ 4A16B SHIMIZU PATENT OFFICE NO. 7955 P. 56/86 

PCT/US92/10272 



WO 93/10151 



(B) CX-ONE- B10G/PDC503 
1 (*) NAME/K«= CDS 

(B) LOCAIIOWs 244.. 309 
SEQUENCE DESCRISTIOW; SBC » »<>:!» 

occ^ — «— 6 — " 
c-c— — • — - "~ 

^Lsc ^ccc» — -» 

e .-=»«« — _ 

SSSSSSSSS5S5S5SSS ~ 

**-m CM GTT 384 



ss^sssassssssssss 

m 2 £ £5 S ™ *g «- °* sl " l " 

Ser Leu Asn He Q + n MU A ~ * 85 

^ c*G =TT TAT GGA **C » g* ggj S S X 

£ En *sn val lyx ©ly He lie He Ser l0S 



60 
120 
1B0 
240 
288 
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TOT GAG TCC GAT GCff B» AGG GU ACA CAC TTG GAG ACA AAC TTC ACT "720 
CVS Glu Tip Asp Gly Gly Arg Glu Thr Mia r*u 61u Thr Asn Phe Thz 
125 130 135 

TTA AAA TCT GAA TGG GCA ACA CAC AAG TTT GCT GAT TGC AAA GCA AAA 768 

Leu lys Sex Glu Trp Ala Thr His Lys Phe Ala Asp cys Lys Ala Lya 
140 145 150 

CGT GAC ACC CCC ACC TCA TGC ACT GTT GAT TAT TCT ACT GTG TAT TTT 816 
Arc Asp Thr Pro Thr Ser Cys Thr Val Asp Tyr Ser Thr Val Tyr Phe 
3.33 160 165 

GTC AAC ATT GAA GTC TGG GTA GAA GCA GAG AAT GCC CTT GOO AAO GTT B64 
S5 J« iS Glu V.1 Trp Val Glu Ale Glu Asn Ala Leu Gly Lys Val 
270 173 180 

ACA TCA GAT CAT ATC AAT TTT GAT CCT GTA TAT AAA GTG AAQ CCC AAT 912 
Thr Ber Asp Hie He Ae« Phe A.p Pro Val Tyr iy. V.1 Lys Pro Asn 
190 200 

CCC CCA CAT AAT TTA TCA GTG ATC AAC TCA GAG GAA CTG TCT AGT ATC 960 
rro fro His Asn 3«u Ser Vol He Aan 6er Glu Glu ieu Ser Ser He 
20S 210 215 

TTA AAA TTG ACA TGG ACC AAC CCA AGT ATT AAG AGT GTT ATA ATA CTA 1008 
Leu Lys Leu Thr Trp Thr Asn rro Ser He lye Y»l He He Leu 
220 225 230 

AAA TAT AAC ATT CAA TAT AGG ACC AAA GAT GCC TCA ACT TGG AGC CAG 1056 
LYS Tyr A3n lie Gin Tyr Arg Thr Lys Asp Ala Ser Thr Trp Ser Gin 
3 235 240 245 

A TT CCT CCT GAA GAC ACA GCA TCC ACC CGA TCT TCA TTC ACT GTC CAA 1104 
lie Pro Pro Glu Asp Thr Ala Ser Thr Axg Ser Ser Phe Thr Vel Gin 
250 25S 260 26:5 

GAC CTT AAA CCT TTT ACA GAA TAT GTG TTT AGG ATT CGC TGT ATG AAG 1152 
Asp leu Lys Pro Phe Thr Glu Tyr: val Phe Arg He Arg Cya Met Lys 
270 275 * BU 

GAA GAT GGT AAG GGA TAC TGG AGT GAC TGG AGT GAA CAA GCA AGT GGG 1200 
Glu Asp Gly Lys Gly Tyr Trp Ser Asp Trp Ser Glu Glu Ala ser Gly 
265 290 2BS 

ATC ACC TAT GAA GAT AQA CCA TCT AAA GCA CCA AGT TTC TGG TAT AAA 1248 

lie Thr Tyr Glu Asp Arc Pro Ser Lys Ala Pro Ser Phe Trp Tyr Lys 
300 30 s 3 

ATA GAT CCA TCC CAT ACT CAA GGC TAC AGA ACT GTA CAA CTC GTG TGG 129€ 
Se Asp Pro Ser His Thr Gin Gly Tyr Aiff Thr Val Gin Leu Val Trp 
315 320 325 

AAG ACA TTG CCT CCT TTT GAA GCC AAT GGA AAA ATC TTG GAT TAT GAA 1344 
Lya Thr Leu Pro Pro Phe Glu Ala Asn Gly Lys II. Leu Asp Tyr Glu 
330 335 340 345 

GTG ACT CTC ACA AGA TGG AAA TCA CAT TTA CAA AAT TAC ACA GTT AAT 1392 
Val Thr Leu Thr Axg Trp Lya S« Hia Leu Gin Aon Tyr Thr Val Aan 
350 355 ,S6H 
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^ r 6^ T CGC' TXT CO. GCA AOC 1440 

7^ Thr val *xg As* ** u Vftl ?t| y 3*0 



„_ m ,__ r-nr CCT OTA ATG GUT CM 153 ° 

ssssss==5=s 5SSS 3. 

-S5SS5SSgS55SSSS' 

xea. 1728 

•ssass'sBSSSSSgss-. 

525 

_ .-rn rmfl TCT TCC CAC ^CK 

S S SS5S = S S S w - - - - 

540 ° 

SeBSsssssss sasa S.' 5 



XS20 
2016 
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CCT GTT TGC TTA CCA TTC CTA TTG ACA ACT CTT CTG GGA GTG CTG TTC 2160 
Pro val Cys Leu Ala Phe uo Leu Thr Thx Leu Leu Sly v«l Leu Phe 
60S 615 

TGC ITT AAT AAG CGA GAC CTA ATT AAA AAA CAC ATC TGG CCT AAT GTT 2208 
Cve Pbe Asn lys Arp Asp Leu He Lys Lys His He Trp Pro Aim val 
g25 G30 



620 



CCA GAT CCT TCA AAG AGT CAT ATT QCC CAG TGG TCA CCT CAC ACT CCT 2256 
pro Asp Pro Ser Lys Ser His He Ala Gin Trp Ser Pro His Thx Pro 
635 6*0 «« 

CCA AGS CAC AAT TTT AAT TCA AAA GAT CAA ATG TAT TCA GAT GQC AAT 2304 
Pro A» Hie Aw Pho A.n 8«r Lye *«P Cln M»« Tyr S«r Asp Gly Asn 
650 655 «° 665 

TTC ACT GAT GTA AGT GTT GTG GAA ATA GAA GCA AAT GAC AAA AAG CCT 2352 
Phe Thr Sp VI Sex Val Val Glu II. Glu Ala As* Asp Ly. Lys Pro 
670 $"75 680 

23£9 

TTT CCA GAA GAT CTG AA 
phe Pro Glu Asp Leu 
665 



(2) INFORMATION FOR SZQ ID NO;2; 

(1) SEQUENCE CHARACTERISTICS; 

(A) LENGTH : 7 OB amino acids 
(Bj ty^e; amino acid 

(15) TOPOLOGY: linear 
(ii) MOLECULE TYPE: protttin 
(xi) SEQUXKCX DESCRIPTION: SEQ ID NO: 2: 

Mot L*u Thx Gin Thr Try Leu Val Gin Ala Leu Phe He Phe Leu 

-22 -20 -13 ~ 10 

Thr Thr Glu Ser Thr Gly Glu Leu Leu Asp Pro Cys Gly Tyr He ser 

"5 a 5 

Pro Glu Ser Fro Val Val Gin Leu Bid £er Aen Phe Thr Ala Val Cys 
15 20 25 

val Leu Lys Glu Lys Cys Met Asp Tyr Phe His Val Asn Ala Asn Tyr 
30 35 40 

lie Val Trp Lys Thr Asn Kis Phe Thr He Pro Lys Glu Gin Tyr Thr 
45 SO 55 

He He Aon Arg Thr Ala Ser Ser Val Thr Phe Thr Asp He Me Ser 
60 65 ™ 

Xou Asn He Gin Leu Thr Cys Asn He Leu Thr Phe Gly Gin Leu Glu 
„ 80 85 90 

Gin Asn val lyr Gly He Thr He He 5er Gly Leu Pro Pro Glu Lys 
95 100 iua 
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„ ^ ^ gj s« <*« « « J-^ ^ ~ * £ « * 

125 AJW 

v ^ «. ^ - «« «• - »- " p S'o l! " 

w «« s« « - ^ *- as - ™ - rae is 

155 

w tt . 3!. vol *«p v., «. u. *>. «n «a ». «, ^ 
_ «P A. lie » -P » 5J W ' ^ * 5S "° 

„ «. » ~ « »• — s " «• G1 " M0 a " °* w 

205 21 u 

is seI Ile ^ e ~ si *• "* to ' 

zzo 2ZS 

235 

™ - »• ~ I,E 

^ fl , M val Pbo j*. He Axg Cye Met lore eiu 
Leu Xtfs Pro PJie SM «.» *7* Val »*? 280 
270 273 



„ -» g. or ^ - |f? » s " a ° Glu & e " "* Il ° 

^ *** **o S «. *. « «- *• *» ^ *• =» 

300 305 

w „ _ - - - * Ita is - - ^ TIP is 
„ » » p»« «. »• «- -» "* l ~ -* **■ ss 

_ T . e « uie l»u Gin as» Tyx Tbr val Asa Ala 
rur leu tut ax? t*p *ye 6dr Hie 360 

^ ^ jg *hr As* Leu £r » » *- — - - 

vai siy a« Aap ^ *S teu Thc 116 



arvalirgto i*» val exy ^ — — 3SQ 

380 38b 

Sin Al* Tbr Bis Pro Val M8t Asp J*« ^ ^ 
Pro Ala cys Asp Ph© Gin Ai* . 40 S 410 

Pt . P„ , 3 * W ^ Lau tzp ol ? ^ ^ - ^ 

4X5 
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Ser VI Iff. lye *V* »-» «» ^ <* S V£l 58 142,8 

Pro Cys lie Thx asp Trp Gin Gin ax. Ae P «iy «« Jg Ths ' 

Tyr Leu *r S Gly Aen Ala Gl» Sor Iy« Cy* Tyr Leu lis Thx Val 

460 465 

Thr Pro Val Tyr Ala Asp Gly Pro Gly Ser Pro Glu ser He Lys Alj 

OS 480 485 

Tyr L6U Lys Gin Ala rxo Fro Ser Ly, Gly Pro Thr Val Ara Thr Ly, 
495 

X*. val Gly Lya A-« tt« Ala Val Leu Glu Trp A S p Gin Leu Pro Val 

Asp val Gin Asn Gly Phe He Arg Asn ryx Thx lie Phe Tyr Arg Thr 

525 530 
Zl. He Gly Asn Glu Thr Ala Val A on Val *« P Sar Sor Hi. Thr Glu 

540 545 
Tyx Thr Leu Ser Ser Leu Thr Ser Asp Thr Leu Tyr Met val Arg Mer 
SS5 3 ^ 
.jo. Ala iyr Thr Asp Glu Gly Gly Ly= a-p «Y Pxo el. Ph. JJ- ^ 

Thx A. Pro Ly, Phe Ala Gin Gly Glu lie Glu Ala He Val Val Pro 

390 593 
val CV* Leu Ala Phe Leu Leu Thr Thr ^ ^ vg «« Pi* Cya 

• *he Acn Lya Arg A* P Lau II. Lys Lya His He Trp Pro Asn Val Pro 
620 623 



Asp Pxo Sex Lys Sex His lie Ala Gin Trp ms Pro Hi* Thr Pro Pro 
Ar g Hi* A« Phc Aan Car Lya Asp Gin m Tyr Sar Asp Gly Asn Phe 
Thr Asp val Sex vai Val Glu He Glu Ala Asn Asp Lys Lys Pro Phe 



670 

Pro Glu Asp Leu 
685 



(2) INFORMATION FOR SEQ ID NO: 3. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 705 base pairs 

(B) TYPE; nucleic ecid 

iC) strandedneSS: single 
(O) TOPOLOGY; linear 

(ii) MOLECULE TTTE: cDNA to niRNA 
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(iii) Hy50TBETIC&2»: NO 
(iv) AHTI-5ENSE: NO 

(vii) XHMBDIASS SOTJFCBt 

re) clone: mgGirc 

(&) HatfB/KSX: CDS 
(B) LOCATION: 1..699 



<*i) SBQTOUCB DE8CR1STIOU* SM » »0--3i 

,«r «»CMiiCSaC*Cl TGC CCA CCG TGC CCA GCA 

r>TC TTC CCC CCA AAA CCC 

20 « 

^ „ rt rCT gag GTC ACA TGC GTG STG 

~»*«ffi rur am TTC 2AC TGG TAC GTG 

■sesssssssekss:-. « - ^ ~ 

50 35 

_ r ny ravr AAT CCC AAQ ACA AAG CCC CCG GAG GAG CAG 



115 120 

5S2SSSSS25555SM 

130 135 

x _- TCC CTC gtc AAA GGC TIC «AI CCC AO© 

1*5 150 

„_ Gee CAG CCG GAG AAC AAC TAC 

CftC AIC GCC GTS flM TGG AM AGC AAT GG6 «G ^ ^ ^ 

His lie Ala Val Gin *rp Gla Sar ASo vw-u 1?s 



96 



144 



192 



240 



288 



336 



384 



432 



480 



328 
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AAG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CTC TAC 576 
lys Tor Th'r Pro Pro val Leu Asp aer Asp Gly 5er Phe Phe Leu Tyr 



180 



ass 190 



AGC AAO CTC ACC OTO GAC AAG AGC AGG TGG CAG CAG GGG AAC GTC TTC 624 

Ser Lys leu Thr Val Asp lys Ser Arg Trp Gin Gin Gly Asn val Phe 
155 200 205 

TCA TGC TCC GTG ATG CAT BAG OCT CTG CAC AAC CAC TAC ACG CAG AAG 672 
Ser cy* Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys 
210 215 220 

AGC CTC TCC CTG TCT CCG GGT AAA TGAACTAGT 705 
Ser lieu 8er Leu Ser Pro Cly Lye 
225 230 

(2) INFORMATION FOR SEQ ID NO: 4: 

(±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 amino acids 

(B) TTPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Glu Pro Arg Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
1 5 10 

Pro Glu Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro i>y» Pro 
20 25 30 

iya &ap Thr leu Met He Ser Arg Thr Pro Clu Val Thr Cys Val Val 
35 40 45 

val Asp Val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val 
50 55 60 

Asp Sly Vol Glu Val His Asn Ala Lye Thr Lys Pro Arg Glu Glu Gin 
65 70 75 

Tyr Asn Ser Thr Tyr Arc Val Val Ser Val Leu Thr Val Leu His Gin 
83 90 95 

Asp Trp Leu Asn Gly Lys ASp Tyr Lys Cys Lya Val Ser Aan Lya Ala 
100 105 110 

Xeu Pro Ale Pro Met Gin lye Thr He Ser Lys Ala Lys Gly Gin Pro 
" H5 120 125 

Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 
130 135 KO 

Lys Asa Gin val ser Leu Thr Cys Leu Val Lya Gly Phe Tyr Pro Arg 
!45 150 15S 160 

ale He Ala Val Glu Trp Glu Ser Aan Sly Gin Pro Glu Asn Asn Tyr 
165 170 l7S 
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^ 6 Tbx », jjj Pro V., ^ S S ~ »» *R ^ 

_ ^ 1- ~ ^ «■» « ^ ~* ^ ^ » **" ^ Sbe ' 

195 dW 

x »w Leu Hie Asa His Tyr Thr Gin Lys 

s*r cys ser val H*t ai* 220 



210 

Ser Leu Ser Leu B« **° Cly Lys 

( 2 ) INFORMATION TOR BBC H> N°* 55 

Cil SEQUENCE C3IARACTERISTICS: 

(A) LENGTH: 3182 base pairs 

(5) HTB: nucleic sold 
(C) STRANDEDNESS: single 
(PJ TOFOLOQKr linear 

(ii) MOLECULE TX*E: cDNA to »RNA 
Ciii) HYPOTHETICAL: NO 
(in) ANTI-SENSE: NO 
<v) FRAGMENT TXFE: N-texmin* 1 

ORIGINAL SOURCE: . 
<r> TIB BUB types hvraan placenta 

(Vil) UOSEDXATB SOURCE: 

CBJ CLONE: pHLIFR-65 

(ix) FEATURE: 

CB) LOCATION: 31X..3162 

(ix) FEATURE: 

(6) kAMB/KEYj CDS 

(B) LOCATION: 179-. 3182 

(ix) FEATURE: ^ 

(A) NAME/KB*; sigjpeptid* 

(B) LOCATION: 179.-310 

fix) FEATURE: . , 

(A) NAME/KETS mat^peptide 

(B) LOCATIONS 311 -.31 82 

{ac i) SEQUENCE DESCRIPTION: SBQ H> »0:S: 

IC**^ CTOCKTCTC TCCC^CO IS TCX«=CX GC^CO=«X 60 
^CTSCaCTIG w«ax. «»«<. ~«CC«C* «o 

ooc*™^ e»n» gccctcu^ w-cm 
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ATG ATG GAT ATT TAC GTA TGT TTG AAA CGA CCA TCC TGG ATG GTG GAC 226 
Met Mot AeF 3Io Tyr Cye »* u J * 8 Arg Pro Ss * Trp M8t Va * Sp 

-44 -40 -33 " 30 

AAT AAA AGA ATG AGG ACT GCT TCA AAT TTC CAG TGG CTG TTA TCA ACA 274 
Aen Lye Arg Met Ar* Thr Ale Ser Aen Phe Gin Trp Lou Leu Bor Thr 
-25 "20 -15 

TTT ATT CTT CTA TAT CTA ATG AAT CAA GTA AAT AGC CAG AAA AAG GGG 322 
?he lie Lbu leu Tyr Lou Mot Asa Gin Val Asa Ser Bin Lys Lye Gly 
,10 -S 1 

GCT CCT CAT GAT TTG AAG TCI CTA ACT AAC AAT TTG CAA CTG TGG AAC 3-JO 

Ala Pro His Asp Leu Lye cys val Thr Asn Asn Leu Gin val Trp Asn 
$ 10 is 20 

TGT TCT TGG AAA GCA CCC TCT GGA ACA GGC CGT G6T ACT GAT TAT GAA 418 

eye Ser Trp Lys Ala Pro Ser Gly Thr Gly Arg Gly Thr Asp Tyr Giu 
25 30 35 

BM TGC ATT GAA AAC AGO TCC CGT TCT TGT TAT CAG TTG GAG AAA ACC 466 
Val Cys lie Glu Asn Arp Ser Arff Ser Cys Tyr Gin Leu Glu Lys Thr 
* 45 SO 



40 



614 



AST ATI AAA ATT CCA OCT CTT TCA CAT ©GT GAT TAT GAA ATA ACA ATA 
Ser He Lya lie Pro Ala Leu Ser His Gly Asp Tyr Glu He Thr He 
33 60 65 

AAT TCT CTA CAT GAT ITT GGA AGT TCT ACA AST AAA TTC ACA CTA AAT 562 
Aon Ser Leu Hie Aep Phe Gly Ser Ser Thr Ser Lye Phe Thr Leu Asn 
70 75 80 

GAA CAA AAC GTT TCC TTA ATT CCA GAT ACT CCA GAG ATC TTG AAT TIG 610 
Glu Gin'- Aen Val Ser Leu lie Pro Asp Thr Pro Glu He Leu Asn Leu 
85 90 95 100 

TCT GCT GAT TTC TCA ACC TCT ACA TTA TAC CTA AAG TGG AAC GAC AGG 658 
Ser Ala Asp Phe Ser Thr Ser Thr Leu Tyr Leu Lye Trp Asn Aep Arg 
105 HO I* 5 

GGT TCA GTT TTT CCA CAC CGC TCA AAT GTT ATC TGG GAA ATT AAA GTT 706 
Gly Ser val Phe Pro His Arg Ser Asn Vel He Trp Glu lie Lye Vel 
* iao 125 130 

CTA CGT AAA GAG AGT ATG GAG CTC GTA AAA TTA GTG ACC CAC AAC ACA 754 
Xeu Arg Lys Glu Ser Met Glu Leu Val Lye Leu Val Thr Hie Aen Thr 
135 140 145 

ACT CTG AAT GGC AAA GAT ACA CTT CAT CAC TGG AGT TGG GCC TCA GAT 802 

Thr Leu Asn Gly Lys Asp Thr Leu His His Trp ser Trp Ala ser Asp 
150 15S I 60 

ATG CCC TTG GAA TGT GCC ATT CAT TTT GTG GAA ATT AGA TGC TAC ATT 850 
Met Pro Leu Glu Cys Ala He Hie Phe Val Glu He Arff Cys Tyr lie 
183 170 1'S 180 

GAC AAT CTT CAT TTT TCT GGT CTC GAA GAG TGG AGT GAC TGG AGC CCT 898 
Asp Aen Leu Hie Phe Ser Gly Leu Glu Clu Trp Ser Asp Trp Ser Pro 
185 190 195 
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— P--5 S S sft £ S S g S - 

Vsl Iff* » ro gj SeX ^ 205 210 

^„ RAC ACA TTT TGT TGI GTG 



11B£ 



SSSSS2SS2S'5BS2S2 

230 23 

SSBSSSSSSSBSSSSS 
SSSS5SBSS25SS25S 

295 * v 

522S2SSS2SS22SS2 

310 3X5 

^ 330 

_ 0 so, Ml TTT CAA ATG CTT 

ecj. gca cct w aac J» .g g£ ^ Phe 61c K«t to» 

Ala 6l» Ala Pro Thr Asa tSltt sar iyr 355 
345 

„„„ ___ m TG jjuy GCT CAC AAT CCG CTG 

360 30 

_„ AC « cjjl AAA GTT TAT 

Pro Bis THr Pro xnr Sex Phe lys v»i tys p ^ 
39° 

„„„ rtp me «I OCi AAS ATS AAT TTT 

^ CTT TCT » CAT TTA CCA GGC AAC TXT gA ^ ^ ^ 

vsl Iff" Ser Txp Bis l*u pro w-y ^ 42 0 
405 

— ,*« rnrr RAT TCA GTA CAA G&O CAO CO© 



946 



994 



1042 



1090 



1234 



1282 



1330 



1376 



1426 



1474 



1522 



1570 



16X6 
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z a s s ssss S S = 55 s i = 

ACT TTT CGG ATT CGT TGT TCT 

Zl £ 2 E S £ £ S £ S ». ~. » s «. - 
SSSS5S32SSSS5SSS 

2SSSS22SS5SSSS5K 

490 



tcg agt tct gat gga aaa aax xta axa axc tax too aag cot xta ccc 

Trp Set ser Asp Gly Ly» Aan ten H« lie ^« ™P * e aW 



505 



AOT ^ CAA CCT *AT GGA AAA ATA CTT TCC TAC AAT «a TCG TCT TCA 

lie Asa gib Ala asu ely *v» *•» 6er ** n 530 
520 5Z3 



sssssssssasggssa 

535 

^ OCA GAG ATA CCA CTT GAT AAG AAT GAC TAC ATC ATC AGC GTA GTO 
iyt Sa Glu He Axo Ui> Asp Lys ash Asp Tyr. lie He Bex val vu 
550 555 

„„ m ' rre TCA ccA CCT TCC AAA ATA GCG AGT ATG 

SI m J2 E ?S S K sS *re *xo s V He AU Sex Het 

Mm .... ciAA CAA CTT GTT GGG ATG GGA 

SSSS !S %i e S Si «, v,! ™» 0 i» •* 

583 5yo 

a s s s-s s's a SS 5 s s s s s £ 

600 605 

ra c arc « »» t M «r » c «. «i ceo » •» «j «c ctt £. 

wr v»l He ly» I«J> cy» *■» s * r **■ 5er 11 sis 

615 

S S £ S - S S % 5= £ - if, £ S SS E 

63 0 

^ „_ TAT AAT TTT TTC CTG TAT GGA TOC 

s £ s s s s ss i" " s - - g « a 

645 

AQA AAT CAA GGA TAT CAA TTA TTA CGC TCC ATG ATT GGA TAT ATA GAA 
Jxg Aan Gin Gly Tyr Gin *eu Leu Axg Ser Met He Gly «y ^ 



1666 



1714 



1762 



1B10 



iess 



1906 



1554 



2002 



2050 



2098 



2146 



2194 



2242 



2290 



2338 
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mipm GTT GAG GAT ACT TCT 

SS2S5 X S S £ £ £ - « « *j - - 

680 665 

_ RAC Mjt OCT GTG GAA GAA CTT 

3SSSSSSS2SSSSSSS 

xap Thr Ser Xtf> Met Arg ▼*! d» 6»r »y «g ^ 
725 7 

-S55SSSS = S = S2|gSS- 

_„ , CT ATG tat GTG GTG ACA AAO GAA AAT 

S6X 6GA 0SO Q6C CCC M AAG ACT MG TAT ^ Val Tbr lys " Sl„ Asn 
Oly ©Xy val Ely Pxo Gin XffS Ser Met ay ^ 

-ssssssassssss'ss 

790 795 

SS5S« = S = 5 s S 2!a: " ai S 

805 6X0 

^ T4 r CCT GAT ATT CCA AAT CCA GAA AAC TGT AAA 

M» eaa acc «c lie cc? gat aux ae n cy B ty* 

SI Slu .Thr Pte Tyr PiO Asp lie *ro Asn Fro ^ 

.„ .»« *«* GTC TGT GA6 GGA ASC AGT GCT CTT AAA 

s S - K ^ M S an Q * s " s " fsS "° we 

840 845 

— rwL iM A&T GTT GAS GM CTG G&A 

ASS " 
570 875 

TrT EM GCA GAG CCT GAA AAC CAT 
QXA OCT GAG CGT CCT GAA GAT CGC TCT 6AT GCR Qa© ^ ^ 

Xl Ala Glu Arg Pro Gla ^ P A** Sex Asp *im » flQ0 
885 8P0 

_ „_ ~- rrr utC ATT GAG GAA GAA AXA CCA AAC 

GTG GTT GIG TCC TAT TGT CCA CCC ATC ATI M» Xle p r0 ASH 

Si Val Val Ser Tyr 07* Pro Pro He lie ua * ^ 



2366 



2434 



2482 



2530 



257S 



2£2£ 



2674 



2722 



2770 



2618 



2666 



2*14 



2962 



3010 



3058 
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CCA 6CC CCA GAT GAA OCT GGA GGG ACT GCA CAG GTT AIT TAC ATT GAT 3106 
Pro Ala Ala Asp Glu Al£ Oly Gly Thx Ala Gin Val He Tyx lie Aap 
920 8 2S 930 



OTT CAG ICG ATG TAT CAG CCT CAA GCA AAA CCA GAA GAA AAA AAA AAA 

Val Gin Sex Met Tyr Gin Pro Gin Ala Lys Pro Glu Glu Lys Lye Lya 
935 840 9 * 5 

AAA ABC AGO TCG TCT CGT TCC AAG ATC T 
Lys Ser Arg Ser Ser Arg Ser Lys He 
950 955 

(2> INFORMATION FOR SEQ ID MOs6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1001 amino acids 
<B) TYPS: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Mat Asp He Tyr Val Cya Leu Lys Arg Pro ser Trp Met val asp 
_ 4 4 -40 -35 " 30 

Asn Lys Arg Met Arg Thr Ala Sex Aan Fhe Gin Trp Leu Leu Sex Tbr 
-25 -20 ~1 5 

Phe lie Leu Lou Tyx Leu Met Aan Gin Val Asn Ser Gin Lys LyS Gly 
-10 -5 1 

Ala pro His ASP Leu lys Cya Vol Thx Asn Asn Leu Gin Val Trp Aen 
5 10 15 20 

Cya Be* **J> J-y* Al« s « ol * Thr Ar9 Gly Thr Asp G1U 

25 30 3 * 

Val Cys He Glu Asn Arg Ser Arg ser cys Tyr sin Leu Glu Lys Thr 
40 4S SO 

Ser Jim Lya He Pro Ala Leu Ser Hie Gly A.p Tyr Glu He Thr He 
55 60 65 

* sn ser Leu His Asp Phe Gly Ser Ser Thr Ser Lys Phe Thr Leu Asn 
70 . 75 GO 

G1U Gin Asn val Ser Leu He Pro A» P Thr Pro Glu He Leu Aon Leu 
P5 90 95 

Bex Ala Asp Phe Sex Thr Ser Tbr Leu Tyx Leu Lys Trp Asn Asp Arg 
105 110 • 

Gly Ser Val Phe Pro His Arg Ser Asn val He Trp Glu He Ly 5 Val 
y 120 125 "0 

Leu Arc Lys Glu fler Met Olu Leu Val Lyo Leu Val Thr Hi* Aen Thr 
135 140 "5 
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3182 



2004# 4A16B 19*220 SHIMIZil PATENT Off HE NU m> t\ 

WO 93/10151 

62 „ 
. tv.^ i^m Hie His Irp Ser Trp Ala s © r ^ 
Thr i*u &sn Gly Asp Tbr *•« Bi» » 160 

130 



Cye *1. 11. Hi 8 P»e -1 Jlu Ho <*« *** £j 



Met Pro X*» em Qye »x. — — — 175 
16S 



, t m« Glu T*P Sar Asp Trp 5er no 
0 !,«, His Phe 5er ely i«u Gl« Glu i*p lW 

— — 185 13W 

o B Pro ser Gin ar Lys v»i *h* *«« 

Val Ly3 hsa lie Sex Trp He JJP 210 
200 * us 

„ i n» s«r Asp Xlo *hx Val 

215 

o &i a lot He Gly His mr *sn Cys Pro 
$« GH» Gin 1*8 val Seu 8g Ala X*» »* ^ ^ 

MO ue - w a «» «° ~ « s w iib ^ to 

* « t w-i p>»ft Thr Tlar. Glu hsp 
- c „ SAr xhr Mb Val Vai pne 

Sar val Ser Ala Ser ser eiy xn= ^ 275 

« „ ~ ~ ~ - - £ Gly "° ~ S Tbr *" 



25* 

- - v>1 Gly S "* ~ ~ 

w « _ ~ - - « « -* ~ as ~ - - ~ a 

^ t«w Leu Pfce Gin Met lieu 

TUx Glu Bor Gin LeU LBU * 355 

Hi* Aszi Pro Leu 
370 

„ II! *~ - - - *«• ws - s; *- "* **■ "* 

390 355 



280 

t^u tv* eiu He lie Cys ser 
Oln Gin l« *** Cys Glu Tta g ^ ^ ^ 305 



325 330 
Ala Glu Ala Pro *** — — ~ 

Pro ^= Ol« Glu XI. Tyr Asn Pbe Tjr *eu * ^ 



^ pil6 Lys He Asn Plae 

_ ^ Kpr val Gin eiu Gin ary 
cys Glu He Gin He Ly* Ky« s « A|n Ser Va± ^ 



I*5u Val Ala 1« 



^ — 425 

^val^ne I*. Gly val Glu Aan ser S « *y* 450 
440 

Thr Phe Arg He Arg Cys ser 

i« » W ffi ^ 465 
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Thr Glu Thr Phe Trp Ly« Trp So. Ly* Ser Asn Lys Lys Gin His 

470 ' 480 
j^u rhr Thr Glu Ala Sex Pro ser Lys Gly «o A3 P Tbr Trp A*g Glu" 
485 490 485 

Trp 5 er Ser Asp Gly Lys A 3 n Leu He lie Tyr Trp Lys Pro Leu Pro 

He Aon Glu Al. A*n Gly Lys He X-» Sex Tyr Asn Val |er cys ser 
520 325 

Sor Asp Glu Glu Thr Gin Ser Leu Ser Glu Tie Pro Asp Pro Gin His 
335 540 5as 

W. Ale Glu He Arg Leu Ae P Ly. Aen Asp Tyr 11. He Sex Val Val 

X 550 555 360 

Ala Ly. A*» to* v a l Gly Ser Ser Pro Pro Ser Lys He Ala Ser «« 
565 570 575 

G1U He Pro Asn Asp Asp Leu Ly, He Glu Gin Val Vol Gly Mot Gly 

585 "U 

Ly >9 Gly He Lj« Lou Thr Trp Hi* Tyr Asp Pro Asn Met Thr Cys Asp 

Tyr val lie Lys Trp Cys »sn Ser ser ^ Sex Glu **o Cye Leu Mo* 

* 615 620 

A5P gp Arg Lye Vol Pro Sor Aon So* Thr Glu Thr Val lie Glu Ser 

Asp Glu Phe Arg Pro Gly He Arg Tyr Asn Phe Phe Leu Tyr Gly Cye 
643 650 

Arg Asn Gin Gly Tyr Gin Leu Leu Arg ... Mo. Ho Gly Tyr 11. Glu 
d. xou Al. Pro lie Val Ala Pro Asn Phe Thr val Glu Asp Thr Sex 
■Ala ASP 5er lie Leu Val Lys Trp Glu Ao P He Pro Vol Glu Glu Lou 



660 

Leu val Lys 
60S 700 

Ar9 Gly Phe Lou Arg Gly Tyr Le u Phe Tyr Phe Gly Lys Gly Glu Arg 

V ..-in 713 720 



710 715 
*sp Thr Ser Lys Met Arg Val Leu Glu ser Gly Arg Ser Ao P He Lye 

Val Lys ASH He Thr Asp He 6er Gin Ly. Thr Lou Arg lie Ala Asp 

Le„ Gin Gly Ly. Tb. Ser Tyr His Leu Val Leu Arg Ala Tyr Thr Asp 

01, Gly val Gly Pro Glu Lys ser Me* Tyr Vol vol Thr Lye cl» Aon 

775 
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^le Pre Val XL* val Val 



8 « val 61y i- Hi He »JJ Ile 80D 
790 

a. «x « ~ « -j - ~ ~ *■ S W ° "* 3 

"! ^ «. te ». *. « «p - s - - - ~ as 

8Z5 

. — rr„i eve clu Gly Ser Ser Ala Leu iffS 
*!a ten Gin PHe 6L» Xffs » Val y 650 

rat Sex U , P« P~ g. - «. »* - -g ^ S « '» 

670 

« M a «. ^ «. ~- . ~ »- a 6in ro a ° - % 

8BS ^ .«» x»r« ila Xle Ola 6lu Sin II* »«. Asn 

val v*l v*l s« Cys Pro Pro lie lie » 

9 05 



,„ « ^ s «. - — » g - eln ™ " p 

M ». L «- » s « - *~ si - s w * ly ' ly * 

935 94U 

V ser &rff ser ser Axg Ser i*» »• 

(2 , INTOIW^OK FOR SSQ TO HO:T. 

Ci) SEQUENCE caa»CTERISTICS: 

(A) LENGTH J 100 Use pci" 

(B) 37SPBS nuelole acid 

(C) stRSNDBD 113558 * double 

(D) TOPOtOCxs linear 

(11) KOIJSCOIiE TXSEi et5» 

IXU 5EQDESCB PBBCRIPTIOH, SSQ H> NO: 7: 
^CC^ ^XXCX S3,**— TGGAGGRTC& 
O^C^TGG AGGAGGTTCT HMNtf GI TCCGGAM? 

(2) mFowariOH for seq id wo-.es 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGOTt 36 b«B» pairs 

(B) txpe: xmdeic acia 

(C) SXRBNDBDMBS8S single 

(D) TOPOLOGY: linear 

(11) HOLECTOE TXPBr eDNA 



60 
3.00 
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(jti) . SEQUENCE DESCRIPTION: SEQ ID NO:8: 
GATATGTCGA CGATGATGGA TATTTACGTA TGTTTC 
<2) INFORMATION FOR 6EQ ID NO: ft: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
^C) STRANDEDNESS: single 
(DJ TOPOLOGT: linear 

<ii) MOLECULE TYPE: CDNA 



FCT/US92/10272 



(s±) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCATGGATCC ACCTCCTCCA GAATTTTCCT TTGTCACCAC ATACATAC 
(2) INFORMATION FOR SEO ID NO: 10: 

(i) SEOUENCE CHARACTERISTICS: 

(A) LENGTH: 49 boso poire 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DE5CRIFTI0N: SEQ ID NO: 10: 
CGCGTCCGGA GGAGGTGGAT CTGAACTTCT AGATCCATGT GGTTATATC 
(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO:ll: 
GCATGCGGCC GCCTATICAA TTTCTCCTTG AGCAAAC 
(2) INFORMATION FOR SEQ ID NOsl2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH i 35 baso pairs 

(B) type; nucleic acid 

(C) STRANDED NESS i eingl© 
(DJ TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDKA 



66 



(Xi) SEQUENCE. DESCRIPTION: BBQ U> 
GAjaTCTCfia C&AGATGTTG ACGITGCW». CTTGG 
( 2 > zsrosajaricsBr for SBQ IB nosis: 

(i> SEQUENCE CHARACTERISTICS: 
(&) xfiH©SS« 41 baeo pairs 

(B) txpes nucleic add 

(C) SSRaNDBDNBSBs oingl« 

(p) TOPOLOGY: linear 

(ii) MOIBCOXR arWE: CDNA 

(JS ±> 8SCUBNCS DBSCfilPTlOSt SEQ ID KO:l3: 

ecareaarcc accscctcct tcaatttctc cTTG&ecaaa c 

(2} iKTOBiJ&iPlOH FOR SEO TD NO:14: 

<i) SEQDESCB CHARACTERISTICS: 
IAJ LENGTH: 4* ?j 
(8) TYPEt nucleic acid 

(C) STRANDEDHBSS: singles 

(D) lOPOIiOGSft li»»»r 

(H> MouscoiiE ispst ciaa 

Cd.) SECUCKCE DESCRIPTION SEO ID N0:14: 
CGCGTCCG3B GGHQ&IBGnOi GGGGGCTCCT CAlG 

(21 INFORMaTIOW rOR SBQ 3D MOiXSs 

(i) SEQUENCE CHARACTERISTICS: 

(A) ISNGTH: 43 base pairs 

(B) KKS: nucleic 

(C) stbamdedkesS: single 

(D) TOPOLOGT: ll np n r - 

(ii) MOLECULE TXBB: CDRB. 

(»i> SEQUENCE DESCRIPTION: SSQ H> N0:1S: 
eC^OCGOCC GCTAAGAAM TTCCTTTGTC ACXKCATACA TAC 

t2 ) xsrowaM!XO» fop. seq m ho:16: 

M) SEQVENCE CHARACTERISTICS : 
(X) LENGTH: 43 aase pairs 
(B) KFS: nftoloio acid 



n>«v»n>Mn> ••*» m«»« I • 
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{C> STRANDEDNESSl einglo 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

(K±) • SEQUENCE DESCRIPTION: SEO ID NO:16: 

OCATAGATCT GGGCTCAGAA TTTTCCTTTG TCACCACATA CATAC 

(2) INFORMATION FOR SEQ ID NOilTi 

(i) SEQUENCE CHARACTERISTICS* 
IA) LENGTH: 38 base pairs 
(») TVPE: nucleic acid 

(C) STOAMDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(Si) SEBUENCE DESCRIPTION: SEQ ID NO: 17; 
GCATAGATCT GGGCTCTTCA ATTTCTCCTT GAGCAAAC 
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fT,ATM8 

What is claimed is: 

5 j. Areceptoxcapabfeofh^ 

fector, comprmns gpl30 covalcndy linked to UF*. 

„ _ fllfli _ i wherein said receptor comprises a 

1 A receptor according to claim a, wb«w x 

10 sol^U^^^ 

3. A xe«*toracce^gtod^^ 
e^alenUylixifcedtD^ 

„ j B : m 3 wherein said receptor is a recombinant 
15 4 A receptor according to claim wnHtau 

frsdon protein of the formula: 

Rj-L-Ra or Ra-L-R-i 

™130- Ri represents LTf-R; and L represents a polypeptide 
20 w hcrcinRiie^esenlSHpl3lfeK2repreicu» 

linker. 

_ „ eeordinC to claim A wherein the polypeptide linker 
45 aspmgjne. serine. teorinc.mdBlamne. 

^S-Glys-Scr^ and (Qy4-Ser)n, wh«m n is 4-12. 

8 . Are „n^cxp»sionv^ -=4^ tteDNA sequence of 

9. Ahostc^conointogthee^ 



30 
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10. • A receptor according to claim 3, comprising b first fusion polypeptide 
that comprises an antibody Fc region polypeptide attached to the C-termlnus of. gpl30. 
and a second fusion polypeptide that comprises an antibody Fc region polypepnde 
anached to the C-terminus of LTF-R, wherein said first fusion polypeptide is linked to 

3 said second fusion polypeptide via disulfide bonds between the Fc region polypeptides. 

11. A receptor according to claim 1, 4, or 10, wherein: 

a) said gp!30 is encoded by an isolated DNA selected from the group 
10 consisting of a first DNA sequence comprising nucleotides 244-2369 of SEQ ID NO: 1, 

. second DNA sequence comprising nucleotides 310-2369 of SEQ ID NO:l, and a 
,bird DNA sequence that will hybridize to said second DNA sequence under moderately 
.stringent conditions; and 

b) said LIF-R is encoded by an isolated DNA selected from the group 
consisting of a first DNA sequence comprising nucleotides 179-3182 of SEQ ID NO*, 
a second DNA sequence comprising nucleotides 311-3182 of SEQ ID NO:5, and a 
third DNA sequence thai will hybridize to said second DNA sequence under moderately 
stringent conditions. 

12. A receptor according to claim 10 wherein said gpl30 is a soluble gpl30 
polypeptide and said LTF-R is a soluble LIF-R polypeptide. 

13. A fusion protein comprising an antibody Fc region polypepnde attached 
25 to the C-tenninus of a soluble BP130 polypeptide. 

14. An isolated DNA sequence encoding a fusion protein according to claim 

13. 

30 15. A fusion protein comprising an antibody Fc region polypeptide attached 

to the C-terminus of a soluble LTF-R polypeptide. 

1 6. An isolated DNA sequence encoding a fusion protein according ro claim 

15. 

35 17. A homodlmeric receptor comprising two fusion proteins according to 

claim 15, Bnked vie disulfide bonds between the Fc region polypeptides. 



20 
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IS' A process for preparing a receptor according to claim 4, comprising 

STZ*. «H Nonprotein under conditions that promote expreasum of sari . 
5 fusion protein, and recovering said fusion proton. 

19 A process for preparing a receptor according to claim 10. comprising 
culxnrins a boat cell cc-trantfected « a first expxe^on vector cnoodmg -d&« 

^^^ndcxpxessionv^^ 
10 polypeptide under conditions dutpxamoiB expression erf Sai d first and second rusron 
polypeptides, and recovering said receptor. 

20 A pharmaceutical composition for treating a disorder rnediated by 
OTCO s»tin M or UP, comprising the receptor of claim 1,4, 10, or 12, and a stmable 

25 diluent °r canJen 
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